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TECHNICAL MEMORANDUM X-53116 

AN E X P I R I C A L  A t U L Y S I S  OF DAILY PEAK SURFACE WIND 
AT CAPE KENNEDY, FLORIDA FOR PROJECT APOLLO 

BY 

J. David L i f s e y  

ABSTRACT 

A fourteen-yqar  s e r i a l l y  complete d a t a  sample of d a i l y  peak s u r f a c e  
wind a t  Cape Kennedy, F lo r ida  was obtained from h i s t o r i c a l  weather r eco rds .  
A f t e r  a d j u s t i n g  speed va lues  t o  a r e fe rence  h e i g h t  of 10 meters above t h e  
ground and removing "hurr icane-associated" peak winds, monthly, seasonal  
and annual va lues  were computed for the fol lowing:  s e l e c t e d  p e r c e n t i l e s  
and s t a t i s t i c s ;  b i v a r i a t e  empir ical  percentage frequency d i s t r i b u t i o n s  of 
(1) speed ve r sus  d i r e c t i o n ,  ( 2 )  speed ve r sus  hour of occurrence,  and (3) 
hour of occurrence versus  d i r e c t i o n ;  and exposure per iod p r o b a b i l i t i e s  
( empi r i ca l  percentage f r equenc ie s )  of equa l ing  o r  exceeding peak wind 
speeds of va r ious  magnitudes during consecutive-day time i n t e r v a l s .  U s e  
of the r e s u l t s  i s  aided by s p e c i f i c  examples and a f u r t h e r  development of 
t h e o r e t i c a l  frequency d i s t r i b u t i o n s  i s  proposed. This  study i s  unique 
i n  terms of t h e  d a t a  sample and the amount o f  information p resen ted .  
r e s u l t s  can be used inmany  a r e a s  o f  r e s e a r c h  and ope ra t ion .  
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approximately two weeks. Wind i s  one such element c r u c i a l  t o  the opera- 
t i o n  s i n c e  i t  may induce s t r u c t u r a l  loading. I n  g e n e r a l ,  i t  i s  n o t  
p o s s i b l e  t o  p r e d i c t  two weeks i n  advance t h e  occurrence of winds t h a t  may 
be hazardous t o  t h i s  ope ra t ion .  Consequently, knowledge of extreme winds 
and t h e i r  frequency of occurrence i n  the Cape Kennedy a r e a  would a i d  i n  
the  p r e d i c t i o n  of d a i l y  peak su r face  wind  speeds and a l s o  i n  determining 
the  p o s s i b i l i t y  of encounter ing c r i t i c a l  s t r u c t u r a l  loading f o r  the b p o l l o  
space v e h i c l e  and/or the LUT. Since the time i n t e r v a l  f o r  t r a n s p o r t  and 
p r e p a r a t i o n  of a v e h i c l e  may va ry ,  such f r equenc ie s  of occurrence would 
be most u se fu l  i f  determined f o r  var ious t i m e  i n t e r v a l s  o r  "exposure 
p e r i o d s . "  Expressed as p r o b a b i l i t i e s  these va lues  would provide a measure 
of t he  r i s k ,  a s  r e l a t e d  t o  extreme winds, a s s o c i a t e d  wi th  a given opera- 
t i o n .  To provide such information,  i t  was necessary to  o b t a i n  observed 
va lues  of d a i l y  peak s u r f a c e  wind speed from h i s t o r i c a l  weather r eco rds .  

B. DATA SAMPLE 

Weather observing s t a t i o n s  make r o u t i n e  hourly obse rva t ions  of 
e x i s t i n g  s u r f a c e  weather.  This  information i s  recorded on a s tandard 
form (WBAN-10) and inc ludes  va lues  f o r  cloud cover ,  v i s i b i l i t y ,  wind 
speed and d i r e c t i o n ,  temperature,  dew po in t ,  p r e c i p i t a t i o n ,  sea l e v e l  
p r e s s u r e ,  and a l t i m e t e r  s e t t i n g .  During c e r t a i n  weather c o n d i t i o n s ,  
obse rva t ions  may be  r equ i r ed  m r e  frequent ly  than once each hour [ l ] ;  
they ,  too,  a r e  recorded on the  WBAN-10 form. 

Records a r e  s e n t  by each s t a t i o n  t o  t h e  Nat ional  Weather Records 
Center (NWRC) a t  A s h e v i l l e ,  North Carolina,  a c e n t r a l  a r c h i v e  f o r  weather 
d a t a .  
from a l l  a v a i l a b l e  r e c o r d s ,  a s e r i a l ly -comple t e  (no missing va lues )  d a t a  
sample of d a i l y  peak s u r f a c e  wind speed. To meet t h i s  requirement and 
o b t a i n  the  l a r g e s t  p o s s i b l e  d a t a  sample, i t  was necessa ry  t o  combine 
obse rva t ions  f o r  Cape Kennedy and Pa t r i ck  A i r  Force Base, F l o r i d a .  (Be- 
cause of the geographic proximity o f  the two s t a t i o n s  the  sample i s  con- 
s i d e r e d  t o  .be r e p r e s e n t a t i v e  of e i t h e r  s t a t i o n . )  The r e s u l t i n g  sample 
c o n s i s t e d  of 5143 d a i l y  va lues  of peak wind speed, d i r e c t i o n ,  and t i m e  of 
occurrence f o r  t h e  per iod February 1, 1950 thrbugh March 1, 1964 wi th  
speed recorded t o  the  n e a r e s t  whole knot ( n a u t i c a l  m i l e  per hour ) ,  d i r e c -  
t i o n  recorded t o  a s i x t e e n - p o i n t  compass s c a l e ,  and t i m e  of occurrence 
recorded t o  the  n e a r e s t  t e n t h  of an hour (LST). ( D i r e c t i o n  r e p r e s e n t s  
t h a t  from which the  wind was blowing, a s  measured clockwise from t r u e  
North.)  There were 3694 va lues  (71.83%) ob ta ined  from Cape Kennedy 

To a c q u i r e  d a t a  f o r  t h i s  s tudy,  the NWRC was r eques t ed  t o  prepare 1 , 

'This s e r i a l  completion and c e r t a i n  computations were performed under 
Government Order H-66040 under the supervis ion of the Aero-Astrophysics 
O f f i c e ,  Marshall  Space F l i g h t  Cen te r ,  NASA. 

h 

2 



TECHNICAL MEMORANDUM X- 531 16  

AN EMPIRICAL ANALYSIS OF DAILY PEAK SURFACE W I N D  
AT CAPE KENNEDY, FLORIDA FOR PROJECT APOLLO 

SUMMARY 

A fourteen-year  s e r i a l l y  complete d a t a  sample of  d a i l y  peak s u r f a c e  
wind a t  Cape Kennedy, F l o r i d a  was ob ta ined  from h i s t o r i c a l  weather r e c o r d s .  
A f t e r  a d j u s t i n g  speed v a l u e s  t o  a r e f e r e n c e  h e i g h t  of  10 meters above the  
ground and removing "hur r i cane -as soc ia t ed"  peak winds, monthly, seasonal  
and annual v a l u e s  were computed f o r  t he  fol lowing:  s e l e c t e d  p e r c e n t i l e s  
and s t a t i s t i c s ;  b i v a r i a t e  empi r i ca l  percentage frequency d i s t r i b u t i o n s  of 
(1) speed v e r s u s  d i r e c t i o n ,  ( 2 )  speed v e r s u s  hour of  occurrence,  and ( 3 )  
hour of occurrence v e r s u s  d i r e c t i o n ;  and exposure pe r iod  p r o b a b i l i t i e s  
(empirical  percentage f r equenc ie s )  of  equa l ing  o r  exceeding peak wind 
speeds o f  v a r i o u s  magnitudes du r ing  consecutive-day t i m e  i n t e r v a l s .  Use 
of the r e s u l t s  i s  a ided  by s p e c i f i c  examples and a f u r t h e r  development of 
t h e o r e t i c a l  frequency d i s t r i b u t i o n s  i s  proposed. 

I. INTRODUCTION 

A. STATEMENT OF THE PROBLEM 

Extreme va lues  a r e  of v i t a l  importance i n  t h e  atmospheric s c i -  
ences ,  e s p e c i a l l y  f o r  t h e  e s t ab l i shmen t  of eng inee r ing  des ign  c r i t e r i a .  
T h i s  r epor t  p r e s e n t s  an empi r i ca l  a n a l y s i s  of  t h e  d a i l y  extremes of s u r -  
f a c e  wind speed a t  Cspe Kennedy, F l o r i d a ,  and should be u s e f u l  i n  the  
establ ishment  of c r i t e r i a  f o r  des ign ,  launch,  and o p e r a t i o n a l  purposes 
a s  r e l a t e d  t o  aerospace v e h i c l e s .  S p e c i f i c a l l y ,  t h e  s tudy  w a s  undertaken 
w i t h  r e fe rence  t o  t h e  fol lowing s i t u a t i o n :  The P r o j e c t  Apollo space vehi-  
c l e  w i l l  be ass?mbled on a Launch Umbilical  Tower (LUT) w i t h i n  t h e  Ver- 
t i c a l  Assembly Building (VAB) a t  t h e  M e r r i t t  I s l a n d  Launch Area (MILA) a t  
Cape Kennedy. The major eng inee r ing  systems checkout w i l l  be  made i n  t h e  
VAB before t h e  LUT and t h e  completed v e h i c l e  a r e  t r a n s p o r t e d  by a mechsn- 
i c a l  crawler t o  t h e  launch complex. Transpor t ing  and p o s i t i o n i n g  t h e  
veh ic l e  on the  launch pad w i l l  r e q u i r e  about  one day1. A f t e r  p o s i t i o n i n g ,  
an a d d i t i o n a l  pe r iod  of 10 t o  14 dayslmay be r e q u i r e d  t o  prepare the  veh i -  
c l e  f o r  launch.  From d e p a r t u r e  a t  t h e  VAB u n t i l  i t  i s  launched, t h e  space 
veh ic l e  (and LUT) w i l l  be exposed t o  n a t u r a l  weather cond i t ions  f o r  

lBased on Ten ta t ive  Checkout Schedule,  LC-39 



obse rva t ions  and 1449 va lues  (28.17%) obtained from P a t r i c k  AFB observa- 
t i o n s .  The d a t e s  included f o r  each s t a t i o n  a r e  shown i n  Table  1. 

Data va lues  were c l a s s i f i e d  a s  one of t h r e e  types ,  depending on the  
record  source from which they were acquired.  These types a r e  def ined  a s :  

TYPE 1. Peak Gust: The h ighes t  i n s t an taneous  wind speed 
recorded by a cont inuous ly  recording ins t rument  dur ing  a s p e c i f i e d  per iod 
(normally,  the  24-hour observa t iona l  day) .  

TYPE 2. Observed Gust: The wind speed r epor t ed ,  i n  the  absence 
of  a cont inuously record ing  instrument ,  on the  WBAN-10 form when the  peak 
wind speed reached a t  l e a s t  8 . 2  m/sec (16 knots )  and t h e  v a r i a t i o n  i n  
wind speed between the  peaks and l u l l s  was a t  l e a s t  4 .6  m/sec (9 kno t s ) .  
The d u r a t i o n  of such a g u s t  i s  usua l ly  l e s s  than twenty seconds.  (The 
peak g u s t  i s  t h a t  observed during the f i f t e e n  minutes p r i o r  t o  observa- 
t i o n  t ime.)  I n  the  event  t h a t  more than one observed g u s t  w a s  recorded 
f o r  any day, t he  abso lu te  maximum of t h e s e  va lues  was taken f o r  the  peak 
wind of t h a t  day. 

TYPE 3 .  Hourly Wind: The wind r epor t ed  f o r  t h e  r equ i r ed  obser-  
v a t i o n  taken each hour .  It i s  t h e  average speed over a one-minute per iod 
be fo re  the  observa t ion  time. For each day the  abso lu te  maximum of 24 
hour ly  va lues  was taken a s  the  peak wind. 

When more than one of t h e  above sources  w a s  a v a i l a b l e ,  p r i o r i t y  f o r  
record  usage was given f i r s t  t o  Cape Kennedy d a t a  i n  1, 2 ,  3 order  and 
then t o  P a t r i c k  AFB d a t a  i n  1, 2,  3 orde r .  A peak wind va lue  occurr ing  
more than once i n  any day was included only once and ass igned  t h e  e a r l i e s t  
time of occurrence.  

C. ADJUSTMENT OF THE DATA 

1. Reduction t o  Reference Height.  A review of the  s t a t i o n  h i s -  
t o r y  of wind equipment used a t  Cape Kennedy and P a t r i c k  AFB revea led  t h a t  
wind sens ing  and record ing  systems were of two b a s i c  types ,  had been moved 
f r equen t ly ,  and were loca ted  a t  var ious h e i g h t s  above t h e  ground. The two 
systems were the  AN/GMQ-lA and the  A N / G M Q - 1 1 .  S ince response c h a r a c t e r i s -  
t i c s  of t hese  sys t ems  a r e  e s s e n t i a l l y  the same, wind records  produced by 
the  two systems were, f o r  the  purposes of t h i s  s tudy ,  considered to  be 
n-rnn- t i  h1 D cvruyrr L A  "I c . 

To e x t r a c t  t he  most r e a l i s t i c  information from the  d a t a ,  i t  was f e l t  
t h a t  a l l  speeds should be referenced t o  a common he igh t  above the  ground. 
The l e v e l  of r e fe rence  chosen f o r  t h i s  s tudy was 10 meters ,  the l e v e l  
most r e p r e s e n t a t i v e  of the anemometer he ight  f o r  Cape Kennedy obse rva t ions .  
The formula [ 2 ]  used to  convert  wind speed from one l e v e l  t o  another  was 

r 
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t h e  power law 

I 

v, = vo(z /zo)p ,  

where Vo i s  the  observed speed a t  he igh t  Zo above the  ground, V, i s  t he  
speed a t  the ad jus t ed  he igh t  Z above the  ground, and p i s  a cons t an t .  
The p = 1 / 7  = 0.143 i s  widely used wi th  Equation (1) f o r  h e i g h t s  less  than 
about 125 meters. For the  d a t a  of t h i s  s tudy ,  he igh t  ranged from 4.0 
meters t o  30.5 meters  and the  va lue  p = 0.143 was considered too l a r g e  f o r  
he igh t s  confined t o  t h i s  small  range. Thus, the  va lue  p = 0.12  was used 
to  a d j u s t  the d a t a  t o  a r e fe rence  l e v e l  of Z = 10 meters ;  consequent ly ,  
(1) becomes 

where K = (10/Zo)o'12. Values of K and the  va r ious  anemometer h e i g h t s  
(Z,) a r e  given i n  Table  1. Thus, a peak wind speed f o r  a he igh t  of 10 
meters  above the  ground was obta ined  on mul t ip ly ing  an observed peak wind 
speed by the appropr i a t e  K va lue  and rounding t o  the  n e a r e s t  0 . 5  m/sec 
(1 knot ) .  A l l  va lues  presented  i n  t h i s  s tudy were computed from peak 
wind speeds ad jus t ed  i n  t h i s  manner. 

2.  Hurricane-Associated Winds. I n  Sec t ion  I . B ,  t h r e e  types of 
d a i l y  peak wind obse rva t ions  were def ined .  Because of t he  i s o l a t e d  
weather phenomenon known a s  a t r o p i c a l  cyclone o r  hu r r i cane ,  i t  was f e l t  
t h a t  spec ia l  cons ide ra t ion  should be given t o  d a i l y  peak winds which 
might be hur r icane  induced. Therefore ,  a "hur r icane-assoc ia ted"  wind 
was def ined  t o  be any one of the  th ree  types  of d a i l y  peak wind observed 
when the  center  of  a hu r r i cane  was wi th in  four  hundred n a u t i c a l  miles of 
e i t h e r  Cape Kennedy or P a t r i c k  AFB. There were twenty such obse rva t ions ,  
shown i n  Table 2 .  A "hur r icane-assoc ia ted"  wind i s  no t  t o  be confused 
wi th  a hur r icane- force  wind which i s  def ined  [31 a s  a wind, i n  the Beau- 
f o r t  wind sca l e ,  whose speed i s  32.9 m/sec (64 knots )  o r  h ighe r .  Hurr icane-  
fo rce  winds may occur independently of h u r r i c a n e s  ( e . g . ,  w i t h  a thunder- 
storm) . 

. 

So t h a t  t he  da t a  sample not  be excess ive ly  b i a sed  toward peak winds 
of high magnitude occurr ing  under the  in f luence  of t he  unique hu r r i cane  
phenomenon, i t  was decided t h a t  a l l  "hur r icane-assoc ia ted"  peak winds 
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which equaled o r  exceeded 25.7 m/sec (50 knots)  should be removed from 
the  sample. To preserve the s e r i a l  n a t u r e  of the d a t a ,  each va lue  so 
removed was r ep laced  with a 99th p e r c e n t i l e  value obtained i n  t h e  follow- 
ing manner: 

1. "Hurr icane-associated" peak winds were removed from the  d a t a  
(Only t h e  months of September and October were invo lved . )  sample. 

2.  A frequency d i s t r i b u t i o n  o f  peak wind speed was then c o n s t r u c t e d  
f o r  each of t h e  two months from the y e a r s  1950 through 1963. 

3. From each frequency d i s t r i b u t i o n ,  99th p e r c e n t i l e  va lues  of peak 
wind speed were l i n e a r l y  i n t e r p o l a t e d  as 2 1 . 1  m/sec (41 knots)  f o r  Septem- 
b e r  and 19.0 m/sec (37 knots)  f o r  October. 

Table 2 shows, under the 99th p e r c e n t i l e  column, t h a t  e i g h t  of the 
twenty "hur r i cane -as soc ia t ed"  peak winds were r ep laced  while  f o u r  d i f f e r -  
e n t  h u r r i c a n e s  were involved. The o t h e r  twelve va lues  were r e t a i n e d  a s  
shown i n  the  a d j u s t e d  speed column. The 99th p e r c e n t i l e  d a i l y  peak wind 
speed i n d i c a t e s  t h a t ,  w i th  t h e  except ion of ' 'hurr icane-associated" winds 
g r e a t e r  than 25.7 m/sec (50 kno t s ) ,  1 o u t  of every 100 d a i l y  peak winds 
a t  t h e  10 meter l e v e l  had a speed g r e a t e r  than t h i s  va lue .  Hence, w i th  
the  exc lus ion  of "hurr icane-associated" peak winds, i t  would appear t h a t  
t h e  d a t a  sample r e p r e s e n t s  t h e  day-to-day weather p a t t e r n  i n  t h e  Cape 
Kennedy a r e a  wi th  r e s p e c t  t o  d a i l y  peak wind speed. Extreme peak winds 
i n  the  d a t a  sample a r e  thus cnnfined t o  occurrence wi th  s q u a l l  l i n e s ,  
thunderstorms, f r o n t a l  s i t u a t i o n s ,  and o t h e r  "normal" phenomena a s s o c i a t e d  
wi th  the movement of cyclones (low p r e s s u r e  systems) and an t i - cyc lones  
(h igh  p res su re  systems) through the Cape Kennedy a r e a .  Since such extreme 
winds are s t i l l  included i n  the  sample, s t a t i s t i c s  computed from the  sam- 
p l e  w i l l  be s e n s i t i v e  t o  t h e i r  e f f e c t  and w i l l  a l s o  be r e p r e s e n t a t i v e  of 
t he  non-hurricane-associated peak winds which occurred during the fourteen-  
year  per iod analyzed. 

NOTE: A s  t h i s  r e p o r t  awaited p u b l i c a t i o n ,  two h u r r i c a n e s  a f f e c t e d  t h e  
F l o r i d a  e a s t  c o a s t ,  h u r r i c a n e  Cleo du r ing  t h e  l a s t  week o f  August 1964 
and h u r r i c a n e  Dora du r ing  t h e  f i r s t  week o f  September 1964. 
wind speeds produced a t  Cape Kennedy by t h e s e  h u r r i c a n e s  were a s  fol lows:  

The peak 

Wind Speed (m/sec) 
Height Adjusted To 

Hurr icane Date (m) Ob served 10 Meter Height 

Cleo 812 7/64 34 35 .o 32.4 
Dora 9/03/64 101 45.8 34.5 

(Based on Launch Complex 34 and 37B anemometer r e c o r d s . )  
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P e r i o d  Station' He igh t  (2,) 
Above Ground 

( m )  

Speed  
Ad jus tmen t  

Va lue  (K) 

0.89640 2/01/50 - 7/31/50 
8/01/50 - 8/16/50 
8/17/50 - 8/20/50 
8/21/50 - 10/16/50 
10/17/50 - 10/23/50 
10/24/50 - 12/18/50 
12/19/50 - 1/03/51 
1/04/51 - 11/30/51 

12/01/51 - 12/31/51 
1/01/52 - 4/21/52 

4/22/52 
4/23/52 - 11/30/52 
12/01/52 - 4/02/53 
4/03/53 - 4130153 
5/01/53 - 12/31/53 
1/01/54 - 3/02/54 
3/03/54 - 3/31/56 
4/01/56 - 11/18/56 
11/19/56 - 7/12/60 

7/13/60 
7/14/60 - 6/10/6l 

6/11/61 
6/12/61 - 8/12/61 

8/13/61 
8/14/61 - 8/21/61 

8/22/61 
8/23/61 - 9/28/61 

9/29/61 
9130161 - 3/01/64 

0.88764 

P 25. 0 
C * 
P 25. 0 
C * 
P 25. 0 
C * 
P 25. 0 
C * 
P 25.0 
C * 
P 27. 2 
C * 
P 27. 2 
P 30. 5 
C 7.9 
P 30. 5 
P 27. 2 
P 11.0 
C 11.0 
P 4.0 
C 11.0 
P 4.0 
C 11.0 
P 4.0 
C 10.0 
P 4.0 
C 10.0 
P 4.0 
c 10.0 

0.87543 
1.02902 

Date Type' Wind Speed  99th Di rec t ion2  H o u r  Stat ion3 

Height  O b s e r v e d  Ad jus t ed  pe;,r::le 
(m) ( m l s e c )  ( m l s e c )  (LST)  

. ~~ - -~ 

9/03/50 1 10.0 35.5 35.5 21.1 SSE 13.2 C 
SSE 17. 5 C 9/04/50 3 10.0 12.9 12. 9 

9/05/50 1 10.0 14.9 14. 9 S E  19.5 C 
9/06/50 2 10.0 25. 7 25. 7 21.1 SSE 10.5 C 

10/16/50 2 10.0 27.8 27. 8 19. 0 E 16.8 C 
10/17/50 2 25.0 30.9 27. 8 19. 0 E 19.0 P 

_ _ ~  ~ 

0.98961 

1.11827 

10/18/50 
10/19/50 

1.00000 

2 25.0 44.8 
3 25.0 11.8 

19. 0 

19. 0 

~~~ 

21.1 
21.1 

- 

E 08.1 P 
SW 16.7 P 

ESE 06. 5 C 
N 17.8 C 

NNW 02.5 C 

E 22.9 c 
ESE 23.6 C 
SSE 03. 7 C 

NNW 19. 1 C 
NNW 12. 1 C 
W 11.4 c 

wsw 11.3 c 
NNW 12.8 c 
NNW 11.5 c 

~~ - 

~~ ~- ~ 

10/10/53 16. 5 

9/09/60 
9/10/60 
911 1/60 

10/22/63 1 ; 
10/23/63 
10 124163 
10/25/63 
10/26/63 
10/27/63 1 

10.0 
10.0 10. 3 
10.0 9.8 

40. 2 
10.8 

10.8 
29. 9 
17. 0 

13. 9 
28. 8 
35.0 

~~ 

14. 4 
16. 0 
14. 9 
7. 2 
10. 3 
9.8 

~~ ~ 

' S e e  Sect ion I. B 
N  = North,  NNE I Nor th -Nor theas t ,  NE = N o r t h e a s t ,  e t c .  
C  = Cape Kennedy, P = P a t r i c k  A F B  

6 
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11. ANALYSIS OF THE DATA 

With the  d a t a  sample ad jus t ed  a s  desc r ibed  i n  Secr ion  I . C ,  fhe  
fourteen-year  per iod  beginning February 1, 1950 and ending January 31 ,  
1964 was chosen f o r  a n a l y s i s .  This s tudy  r e p r e s e n t s  t h e  f i r s t  i nves t iga -  
t i o n  of d a i l y  peak su r face  winds i n  t he  Cape Kennedy a r e a  w i t h  a s  much a s  
fou r t een  yea r s  of d a t a  a v a i l a b l e  for a n a l y s i s .  A l l  computed va lues  were 
determined on a monthly, s easona l ,  and annual b a s i s  and apply t o  a he igh t  
of 10 meters above t h e  ground. The twelve ca lendar  months were combined 
t o  o b t a i n  annual va lues ,  whi le  seasonal va lues  were obta ined  by combining 
months as fo l lows:  

WINTER: December, January ,  February 

SPRING: March, A p r i l ,  May 

SUMMER: June, July , August 

FALL : September, October,  November. 

The observed va lues  of d a i l y  peak wind speed were recorded i n  kno t s ,  
and a l l  frequency d i s t r i b u t i o n s  and numerical  c a l c u l a t i o n s  i n  t h i s  s tudy 
were based on these  o r i g i n a l  u n i t s .  To comply wi th  t h e  MSFC system of 
p re fe r r ed  measuring u n i t s ,  as i t  pe r t a ins  t o  l i n e a r  v e l o c i t y ,  knots  have 
been converted t o  meters  p e r  second by the  r e l a t i o n s h i p  1 knot  = 0.514791 
m/ s ec  . 

A. SELECTED PERCENTILES 

The observed ( ad jus t ed )  va lues  of peals wind speed were ordered 
from minimum through maximum and f requencies  of occurrence were determined 
f o r  each speed. Cumulative f requencies  were then formed and s e l e c t e d  per -  
c e n t i l e  va lues  were read d i r e c t l y  o r  l i n e a r l y  i n t e r p o l a t e d  from the  r e s u l t -  
i ng  d i s t r i b u t i o n s .  These va lues  are  presented  i n  Table  3 .  By d e f i n i t i o n ,  
a va lue  X '  of a v a r i a b l e  X fo r  which t h e  cumulative frequency of X i s  equal  
t o  (p/100)N, N being the  t o t a l  number of X va lues ,  i s  c a l l e d  the  p th  per-  
c e n t i l e  of X.  Approximately p percent of the  va lues  of X a r e  l ess  than o r  
equal  t o  X'. 

B. STATISTICS 

I t  was a l s o  poss ib l e  t o  obta in  from the  ungrouped frequency d i s -  
t r i b u t i o n s  va lues  f o r  t h e  minimum, maximum, range (maximum - minimum), and 
mode. These va lues  a long wi th  those of t he  a r i t h m e t i c  mean, s tandard  
dev ia t ion ,  c o e f f i c i e n t  of v a r i a t i o n ,  skewness, and k u r t o s i s  a r e  given i n  
Table 4. The l a t t e r  q u a n t i t i e s  were computed from the  observed ( ad jus t ed )  

7 



va lues  as 

N 

i=l 

- 
mean = X = ( l / N )  C Xi ,  

c o e f f i c i e n t  of v a r i a t i o n  (z) = cov = 100 (s/X), 

4 - N 

i=l 
k u r t o s i s  = [ ( 1 / N )  C (Xi - X)4]/s , 

(3 )  

(5) 

( 7 )  

where Xi r ep resen t s  a d a i l y  peak wind speed and N i s  the number of such 
observat ions.  

The c o e f f i c i e n t  of v a r i a t i o n  expres ses  the  sample  s t anda rd  d e v i a t i o n  
a s  a percentage of the sample mean and i s  a measure of r e l a t i v e  v a r i a t i o n .  
It  i s  a dimensionless q u a n t i t y  which may be used t o  a s s e s s  v a r i a b i l i t y  
between samples. Table 4 shows t h a t  t h e r e  i s  more v a r i a b i l i t y  among 
September peak winds (COV = 42.86%) than among May peak winds (COV = 
34.09%). Relat ive t o  a l l  o t h e r  months, December (COV = 44.94%) has t h e  
most v a r i a b i l i t y  among d a i l y  peak winds; s i m i l a r l y ,  r e l a t i v e  t o  a11 o t h e r  
seasons,  Winter (COV = 42.86%) has the most v a r i a b i l i t y  among d a i l y  peak 
winds. 

The values of skewness and k u r t o s i s  a r e  included merely t o  i n d i c a t e  
t h a t  the ( t h e o r e t i c a l )  frequency d i s t r i b u t i o n  of d a i l y  peak wind speed 
i s  no t  normal. The skewness va lue  i s  a measure o f  symmetry about the 
mean of a d i s t r i b u t i o n .  Symmetric d i s t r i b u t i o n s ,  such a s  the  normal, 
have a skewness va lue  of  zero.  
u s u a l l y  have a long t a i l  extending i n  t h e  d i r e c t i o n  of i n c r e a s i n g  magnitude, 

A d i s t r i b u t i o n  wi th  p o s i t i v e  skewness w i l l  



. 

whi le  a d i s t r i b u t i o n  wi th  nega t ive  skewness w i l l  u s u a l l y  have a long t a i l  
extending i n  t h e  d i r e c t i o n  of decreasing magnitude. Kur tos i s  i s  a measure 
of t h e  "peakedness" of a d i s t r ibu t . i on ,  and t h e  normal curve has  a k u r t o s i s  
va lue  of t h r e e .  D i s t r i b u t i o n s  having a k u r t o s i s  g r e a t e r  than t h r e e  a r e  
more peaked than t h e  normal. 

The skewness and k u r t c s i s  values  are  n o t  abso lu t e  measures of symme- 
t r y  and peakedness s i n c e  a nonsymmetrical d i s t r i b u t i o n  may have skewness 
of  zero  and the  k u r t o s i s  va lue  depends very  much on the  shape of t h e  t a i l s .  
However, t hese  va lues  do provide important in format ion  about  a d a t a  sample 
and are  no t  t o  be ignored.  For t h i s  s tudy  they i n d i c a t e  s u f f i c i e n t  depar-  
t u r e  from normal i ty  t o  recommend tha t  no in fe rences  about d a i l y  peak su r -  
f ace  winds be made under t h e  assumption t h a t  these  va lues  a r e  normally 
d i s t r i b u t e d .  

C. FREQUENCY DISTRIBUTIONS 

The next  s t e p  i n  the  d a t a  a n a l y s i s  cons i s t ed  of forming b i v a r i a t e  
percentage frequency d i s t r i b u t i o n s  of (1) d a i l y  peak wind speed ve r sus  t h e  
d i r e c t i o n  from which t h e  wind occurred, ( 2 )  d a i l y  peak wind speed ve r sus  
the  hour dur ing  which the wind occurred,  and ( 3 )  t h e  hour dur ing  which t h e  
d a i l y  peak wind speed occurred versus  the  d i r e c t i o n  from which t h e  wind 
occiirred.  For (I) and (2), f requencies  were obta ined  f o r  each observed 
speed va lue  and then grouped by speed i n t e r v a l s  f o r  conversion t o  percent -  
age r e l a t i v e  f requencies .  S imi l a r ly ,  hour-of-occurrence f r equenc ie s  were 
combined i n t o  ind iv idua l  hour groups f o r  conversion t o  percentage frequen-  
c i e s .  The r e s u l t i n g  empir ica l  d i s t r i b u t i o n s  a r e  presented  as Tables  I, 
11, and 111 of the  Appendix. Tabular va lues  may b e  i n t e r p r e t e d  a s  percent -  
age p r o b a b i l i t i e s  f o r  the  j o i n t  occurrence of  a d a i l y  peak wind having t h e  
q u a l i t a t i v e  p r o p e r t i e s  i nd ica t ed  i n  t h e  top  and l e f t  margins.  L i m i t s  of 
the  meter per  second c l a s s  i n t e r v a l s  of  Tables  I and I1 have been "adjus ted1 '  
t o  prevent  gaps which r e s u l t  between success ive  c l a s s  i n t e r v a l s  when t h e  
c l a s s  l i m i t s  i n  knots  a r e  converted and rounded t o  the  n e a r e s t  0 . 1  m/sec. 
Any speed f a l l i n g  w i t h i n  a meter per second c l a s s  i n t e r v a l  w i l l ,  when con- 
v e r t e d  and rounded t o  the  n e a r e s t  whole knot ,  a l s o  f a l l  w i t h i n  the  co r re -  
sponding c l a s s  i n t e r v a l  expressed i n  kno t s .  To preserve  t h i s  r e s t r i c t i o n ,  
width of t he  meter per  second c l a s s  i n t e r v a l s  i s ,  of n e c e s s i t y ,  unequal.  

D. EXPOSURE PERIOD PROBABILITIES 

An ' 'exposure per iod" may be  def ined  a s  a cont inuous time i n t e r v a l  
of d u r a t i o n  k. 
of  occurrence of an event  A during g exposure per iod  of  d u r a t i o n  k 5 N 
i s  c a l l e d  an "exposure per iod  p r o b a b i l i t y "  and may be expressed a s  

For a sequence of N consecut ive  va lues ,  t he  p r o b a b i l i t y  

9 



where Nk(A) i s  t h e  number of  exposure pe r iods  of d u r a t i o n  k i n  which even t  
A has  occurred a t  l ea s t  once and Nk = N - k + 1 i s  t h e  t o t a l  number of 
exposure per iods of d u r a t i o n  k .  Pk(A) a c t u a l l y  r e p r e s e n t s  t h e  empi r i ca l  
r e l a t i v e  frequency of  occurrence of even t  A and, as such, i s  an  es t imate  
of t h e  t h e o r e t i c a l  p r o b a b i l i t y  a s s o c i a t e d  w i t h  even t  A.  Th i s  "exposure" 
concept may b e  a p p l i e d  t o  any s i t u a t i o n  f o r  which the  event  and t h e  t i m e  
i n t e r v a l  can be de f ined .  

A s  used here, the  even t  A i s  t h e  occurrence of a d a i l y  peak s u r f a c e  
wind speed (W) which equa l s  o r  exceeds,  a t  l ea s t  once, a s p e c i f i e d  magni- 
tude (W*), i . e . ,  A %  W _> W*. S ince the  d a t a  sample c o n s i s t e d  of d a i l y  
v a l u e s ,  exposure pe r iods  of one day through t h i r t y  consecut ive days were 
chosen and a computer program was prepared t o  compute the  percentage pro- 
b a b i l i t i e s  

The r e s u l t i n g  va lues  are  presented g r a p h i c a l l y  i n  Figure I of t h e  Appen- 
d i x  where the s u b s c r i p t  k has  been dropped i n  l a b e l l i n g  the  o r d i n a t e  of 
each graph. Computations were made from d a t a  covering the  fou r t een -yea r  
pe r iod  beginning February 1, 1950 and ending January 31 ,  1964 w i t h  v a l u e s  
f o r  February 29 excluded. To al low an  exposure pe r iod  of t h i r t y  days t o  
begin  on the l a s t  day of January,  d a i l y  peak wind speeds f o r  February 1, 
1964 through March 1, 1964 ( l e s s  February 29, 1964) were added t o  t h e  d a t a  
sample. 

I t  i s  these  va lues  which have d i r e c t  a p p l i c a t i o n  t o  t h e  problem p r e -  
s en ted  i n  Sect ion I . A .  

. 
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4.6 
5. 1 
6.2 
6.2 
5.7 
5.7 
5. 1 
5.1 
5.1 
5.1 
4.6 
4.6 
5.1 
6.2 
5.1 
5.1 
5.1 

25 

6.2 
6.7 
6.7 
6.7 
6.7 
6.2 
6.2 
6.2 
6.2 
6.7 
6.2 
6.2 
6.2 
6.7 
6.2 
6.2 
6.2 

8.2 
8.2 
8.8 
8.2 
8.2 
7.7 
7.2 
7.2 
7.7 
8.2 
7.7 
7.7 
8.2 
8.2 
7.7 
8.2 

11.3 13.9 16.0 18.5 
11.3 14.9 17.0 21. 1 
11.3 15.4 17. 0 21. 1 
10. 8 14.4 16. 5 22. 1 
10.3 12.4 15.4 19. 0 
10.3 13.4 16.5 22. 1 
9.8 12.9 16.0 21.6 
9.8 12.9 14.9 20.6 

11.3 14.4 18.0 21. 1 
11.8 13.9 16.0 19.0 
10. 3 12. 9 14.4 20.6 
11.3 14.4 16.0 20.6 
11. 3 14.4 16.5 20. 1 
10.8 13.9 16.5 21.6 
9.8 13.4 16.0 21.6 

11.3 13.4 16.0 21.1 
7.7 1 10.8 13.9 16.5 j 21.1 

COV Skewness Kurtosis 

6. 2 
6. 2 
6. 7 
7. 7 
6. 7 

~~ 

8. 9 
9.4 
9.7 
9.4 
8. 8 

1.76 
1. 84 
1. 28 
1.22 
1.60 

6.70 
7.23 
4.38 
5.74 
8.97 

TABLE 3 

SELECTED PERCENTILE VALUES (m/sec )  
DAILY PEAK SURFACE WINDS 

CAPE KENNEDY, FLORIDA 
FEBRUARY 1950 - JANUARY 1964 

c 

I 
Calendar 

Per iod  
P e  r c  eati le 

50 I 75 I 90 I 95 I 99 
- 

5 99. 9 

22.1 
22. 1 
27. 8 
24. 2 
25. 2 
32. 9 
24. 7 
25. 7 
22. 1 
27. 8 
28.8 
29. 3 
27. 3 
26. 8 
26. 8 
28. 8 
28.8 

- 

- 

January  
Februa ry  
March  
April  
May 
June 
July 
August 
September 
October 
November 
December 

3. 1 
3.6 
4.1 
3.6 
4.6 
9. 2 
3.6 
3.6 
3.6 
3.6 
3.6 

4. 1 
4.6 
5. 1 
5. 1 
5. 1 
5.1 
4.6 
4.6 
4.6 
4.6 
4.1 
4.1 
4.1 
5. 1 
4.6 

4.6 

- 

4.6 

3.6 
3.1 Winter 

Spring 
Summer  
Fall 
Annual 

4.6 
4.1 
3.6 
3.6 
__- 

TABLE 4 

STATISTICS 
DAILY PEAK SURFACE WINDS 

CAPE KENNEDY, FLORIDA 
FEBRUARY 1950 - JANUARY 1964 

c 

- 
No. 
of 

Obs 

434 
395 
434 
420 
434 
420 
434 
434 
420 
434 
420 
434 

1263 
1288 
1288 
1274 
5113 

- 

- 

- 
- 

Calendar 
Per iod  

Mini - 
mum 
m / s e c )  

Maxi - 
mum 

[m/sec )  

Range 

:m /sec) m/sec )  Mode I (m/sec ]  Mean 

Standard 
leviatior 
( m  / s ec) I;: 38.30 

34.09 
43. 18 
42.86 
42.68 
42.86 
39.78 
41.18 

21.6 
20.1 
25. 8 
21.6 
25.8 
33.5 
22.1 
22.7 
19.6 
27. 3 
30. 8 
28. 3 
28. 8 
26. 3 
34.0 
30. 8 
35.0 

2.1 
2.6 
4. 1 
3.6 
4. 1 
3.6 
3.1 
3.6 
3.1 
3.1 
2.1 
2.6 
2. 1 
3.6 
3.1 
2. 1 
2. 1 

January  
Februa ry  
March  
Apr i l  

June  
Ju ly  
August 
September  
October 
November 
December 
Winter 
Spring 
Summer  
Fall 
Annual 

May 

23. 7 
22. 7 
29.9 
25.2 
29.9 
37.1 
25.2 
26. 3 
22. 7 
30.4 
32. 9 
30.9 
30. 9 
29. 9 
37.1 
32. 9 
37.1 

3.7 
3.9 
3.8 
3.6 
3.0 
3. 8 
3.6 
3.5 
3.9 
3.7 
3.5 
4.0 
3.9 
3.5 
3.6 
3.7 
3. 7 

44.941 1.38 I 6. l a  
42.861 1.07 I 4.53 

41.11 6.02 
6.28 

I I 



111. DISCUSSION OF THE RESULTS 

The r e s u l t s  of t h i s  s tudy a r e  presented  i n  Tables  3 and 4 of Sec t ion  
I1 and Tables I, 11, and 111 and Figure  I of t he  Appendix. The use of 
these t a b l e s  and f i g u r e s  w i l l  now be i l l u s t r a t e d .  

A. TABLE 3. 

For t h e  month of January,  99 pe rcen t  of t he  d a i l y  peak wind speeds 
d i d  not  exceed 18 .5  m/sec (36 kno t s ) .  I n  Winter t h i s  va lue  i n c r e a s e s  t o  
20.1 m/sec (39 kno t s ) ,  while  on an Annual b a s i s  the  va lue  i s  2 1 . 1  m/sec 
(41 kno t s ) .  The l a r g e s t  99% va lue  i s  2 2 . 1  m/sec (43 knots )  f o r  t he  months 
of A p r i l  and June.  

I n  May, 50 pe rcen t  of a l l  peak winds have not  exceeded 8 . 2  m/sec 
(16 kno t s ) .  Consequently,  50 percent  of a l l  peak winds i n  May have a l s o  
exceeded 8.2 m/sec (16 kno t s ) .  

The speed range of t he  c e n t r a l  50 percent  of September peak winds i s  
5 .1  m/sec (10 k n o t s ) ,  ob ta ined  by s u b t r a c t i n g  t h e  25th p e r c e n t i l e  va lue  
of 6 .2  m/sec (12 knots)  from the 75th p e r c e n t i l e  va lue  of 11 .3  m/sec (22 
knots ) .  

On an  annual b a s i s ,  90 percent  of t he  d a i l y  peak wind speeds exceed 
the  10th  p e r c e n t i l e  va lue  of 5 . 1  m/sec (10 knots )  whi le  10  pe rcen t  of 
the  speeds exceed the  90th p e r c e n t i l e  va lue  of 13 .9  m/sec (27 kno t s ) .  

Suppose t h a t ,  i n  terms of d a i l y  peak su r face  wind speed, an accep t -  
a b l e  r i s k  f o r  some ope ra t ion  i s  determined t o  be 0 . 1  pe rcen t ,  where r i s k  
i s  def ined  i n  terms of p e r c e n t i l e s  wi th  pe rcen t  r i s k  = 100 - p th  percen- 
t i l e .  I t  i s  d e s i r e d  t o  f ind  a va lue  of d a i l y  peak s u r f a c e  wind correspond- 
ing  t o  t h i s  r i s k  l e v e l .  Table 3 o f f e r s  two approaches t o  t h i s  problem. 
F i r s t ,  t h e  niaximum of t h e  twelve monthly 99 .9 th  p e r c e n t i l e  va lues  i s  found 
t o  be 32.9 m/sec (64 knots )  f o r  June. I f  t h i s  va lue  i s  chosen, a 0 . 1  
percent  r i s k  is assured  f o r  any ope ra t ion  i n  the  month of June. 
ope ra t ion  ca r r i ed  o u t  i n  o the r  months would have . a  smal le r  r i s k  l e v e l  
s ince  t h i s  value fo r  any o t h e r  month would correspond t o  a p e r c e n t i l e  
higher  than t h e  99 .9 th .  Second, t he  Annual va lue  of the  99 .9 th  p e r c e n t i l e  
i s  28.8 m/sec (56 kno t s ) .  Choice of t h i s  va lue  a s s u r e s  a 0 . 1  percent  r i s k  
f o r  an opera t ion  t h a t  may take  p lace  a t  any time dur ing  t h e  yea r .  
par i son  w i t h  monthly va lues  i n d i c a t e s  t h a t  t he  ope ra t ion  would have a r i s k  
l e v e l  l e s s  than 0.1 percent  i n  a l l  months except  June and December, where 
the r i s k  l eve l  i s ,  i n  each case ,  no t  g r e a t e r  than 1 pe rcen t .  The l a t t e r  
value of 28.8 m/sec (56 knots)  seems a more reasonable  choice  f o r  an opera- 
t i o n  t h a t  may t ake  p lace  on any day of t he  year. This  conclus ion  i s  f u r t h e r  
subs t an t i a t ed  by no t ing  i n  Table I , 6  t h a t  a peak wind s p e e d . i n  excess  of 

The same 

Com- 

. 



. 

23 m/sec (45 kno t s )  has occurred only 0.71 pe rcen t  of the t i m e  ( 3  obser-  
v a t i o n s )  and i n  Table 1 . 1 2  t h a t  a peak wind speed i n  excess  of 23 m/sec 
(45 knots)  has  occurred only 0.92 percent  of t he  t i m e  ( 4  o b s e r v a t i o n s ) .  

B. TABLE 4. 

The s t a t i s t i c s  of t h i s  table may be u s e f u l  i n  many a r e a s  and are ,  
f o r  the most p a r t ,  self  explanatory.  Annual va lues  appear t o  be s u f f i -  
c i e n t l y  r e p r e s e n t a t i v e  of any month o r  season and should be adequate f o r  
most purposes.  The c o e f f i c i e n t  of v a r i a t i o n ,  skewness, and k u r t o s i s  
were d i scussed  i n  Sec t ion  I1.B. 

C. TABLES I, 11, 111, AND FIGURE I. 

Each of t hese  t a b l e s  i s  preceded by a d e s c r i p t i o n  of t he  tabu- 
l a t e d  va lues .  C e r t a i n  a d d i t i o n a l  information,  no t  e x p l i c i t l y  i n d i c a t e d  
i n  t h e  d e s c r i p t i o n ,  may a l s o  be obtained from these  t a b l e s  as i n d i c a t e d  
below. 

1. Table I .  Using Table 1.1 a s  an example, t he  d i r e c t i o n  
from which January d a i l y  peak winds most f r e q u e n t l y  occur i s  North (15.67%). 
Adding percentages f o r  t h e  West through North quadrant ,  47.01 percent  
(4.38 + 5.76 + 11.29 + 9.91 + 15.67) of January d a i l y  peak winds a r e  
seen t o  occur from t h e  d i r e c t i o n s  270' through 360°. 
r a n t ,  t he  percentage of time t h a t  d a i l y  peak winds exceed 10 m/sec (19 
kno t s )  may be found by adding, f o r  t h e  same d i r e c t i o n s ,  a l l  percentages 
i n  t h e  l a s t  s i x  c l a s s  i n t e r v a l s ,  i . e . ,  

I n  t h i s  same quad- 

W :  0 .92 + 0.69 + 1 .61  + 0 . 2 3  + 0 .23 ;  

WNW: 0.92 + 0.69 + 0.23;  

NW: 1.15 + 3.23 + 0.46 + 0 .23  + 0 .23 ;  

NNW: 2.07 + 1 .61  + 0 .46 ;  

N: 2.53 + 1.84 + 1.38 + 0.23. 

The r e s u l t i n g  va lue  i s  20.94 percent.  

The most f r e q u e n t l y  occuring speed va lues  a r e  those i n  the  4.9 - 
7 . 4  m/sec (10 - 1 4  kno t s )  c l a s s  i n t e r v a l  w i t h  32.26 pe rcen t  occurrence.  
Reference t o  Table  4 shows the ac tua l  modal va lue  f o r  January t o  be 6 . 2  
m/sec (12 k n o t s ) .  S i m i l a r l y ,  t h e  median speed va lues  (corresponding t o  
50.00% i n  the  Cumulative Total  column) should l i e  i n  the  7 .5  - 10 .0  
m/sec (15 - 19 kno t s )  c l a s s  i n t e r v a l .  Table 3 g ives  the median speed 
as 8 . 2  m/sec (16 k n o t s ) .  
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2. Table 11. Using Table  11 .15  a s  an example, t he  hour dur ing  
which Summer d a i l y  peak winds most f r equen t ly  occur i s  1400 LST (13.74%). 
Adding percentages shows t h a t  50.85 percent  of  Summer d a i l y  peak winds 
occur between the  hours 1300 LST and 1700 LST. Also,  adding i n d i c a t e s  
t h a t  3.28 percent  of the  peak winds exceed 1 5 . 1  m/sec (29 knots )  during 
t h i s  time i n t e r v a l .  

. 

3 .  Table 111. Using Table 1 1 1 . 1 7  a s  an example, t h e  d i r e c t i o n  
from which d a i l y  peak winds occur most f r equen t ly  dur ing  the  year  i s  
Southeas t  (11.95%). The hour of most f requent  occurrence i s  1500 LST 
(10.23%). Between the  hours  of 1300 LST and 1800 LST dur ing  the  yea r ,  
22.37 percent  of  the  d a i l y  peak winds occur i n  the Eas t  through South 
quadrant  (90' through 180'). 

4.  Figure I. Using Figure  1 . 1 7  a s  an  example, the  p r o b a b i l i t y  
i s  57.9 percent  t h a t  a d a i l y  peak wind speed w i l l  equal  o r  exceed 1 5 . 4  
m/sec (30 knots) a t  l e a s t  once during any f i f t e e n  consecut ive  days of 
t he  yea r .  The corresponding p r o b a b i l i t y  f o r  consecut ive  three-day per iods  
i s  17.9 percent .  For th i r ty -day  exposure pe r iods ,  the p r o b a b i l i t y  of 
equal ing  or exceeding 36.0 m/sec (65 knots )  a t  l e a s t  once i s  0 .6  pe rcen t .  

Peak wind speeds of 10 .3  m/sec (20  knots )  o r  g r e a t e r  occur on any 
day of the  year  wi th  a p r o b a b i l i t y  of 31.0 percent  (one-day exposure 
per iod) .  Consequently, d a i l y  peak wind speeds l e s s  than 1 0 . 3  m/sec (20  
knots )  occur on  any day wi th  a p r o b a b i l i t y  of 100.0 - 31.0 = 69.0 percent ,  
a va lue  which may a l s o  be  obta ined  from the  Cumulative To ta l  column of 
Table  1 . 1 7  or Table 1 1 . 1 7 .  

14 



I V .  , CONCLUSION 

From h i s t o r i c a l  weather records,  information about d a i l y  peak s u r -  
f ace  wind a t  Cape Kennedy, F lo r ida  has  been obta ined  i n  the  form percent -  
age p r o b a b i l i t i e s  ( r e l a t i v e  f requencies ) ,  p e r c e n t i l e s ,  and s t a t i s t i c s .  
Although empir ica l  i n  na tu re ,  i . e . ,  based s o l e l y  on p a s t  obse rva t ion ,  
t he  r e s u l t s  of t h i s  s tudy i n d i c a t e  the  p a t t e r n  which d a i l y  peak s u r f a c e  
winds may be expected t o  follow i n  the  f u t u r e .  For the  des ign  and opera- 
t i o n  of aerospace v e h i c l e s ,  t h i s  information can be app l i ed  t o  any problem 
i n  which d a i l y  peak wind i s  a f ac to r  i n f luenc ing  the  f i n a l  dec i s ion .  

This  s tudy r e p r e s e n t s  t he  f i r s t  and only  a n a l y s i s  of d a i l y  peak su r -  
f ace  wind speed i n  the  Cape Kennedy a r e a .  (See Reference 4 f o r  an  a n a l y s i s  
based on hour ly  observa t ions  of sur face  wind.)  The four teen-year  s e r i a l l y  
complete d a t a  sample used i n  the  ana lys i s  i s  unique and has  been obta ined  
through a thorough examination of a l l  o f f i c i a l  su r f ace  weather r eco rds  
f o r  Cape Kennedy and P a t r i c k  AFB. D i f f e rences  i n  record  source  and changes 
i n  anemometer equipment and he igh t  d i s t r a c t  from the  p u r i t y  of t he  d a t a  
sample, r e g a r d l e s s  of i t s  s i z e  and uniqueness.  Unfor tuna te ly ,  t h e r e  w a s  
no choice  b u t  t o  accept  such f ac to r s  and t r y ,  w i th in  the  realm of s tudy ,  
exper ience ,  and reason,  t o  transform the  d a t a  i n t o  a more homogeneous, 
y e t  r e p r e s e n t a t i v e  sample. Thus, the adjustments  of Sec t ion  1 . C  were 
employed before  ana lyz ing  t h e  da ta .  

To o b t a i n  r e p r e s e n t a t i v e  and homogeneous wind measurements which may 
be used i n  f u t u r e  i n v e s t i g a t i o n s  f o r  the  Cape Kennedy a r e a ,  i t  i s  s t r o n g l y  
recommended t h a t  9 permanent wind record ing  program be e s t a b l i s h e d  a t  
Cape Kennedy t o  ope ra t e  f o r  a t  l e a s t  10 yea r s  us ing  the  same type equip- 
ment, maintenance schedules ,  recording procedures ,  and d a t a  record  f i l i n g  
system. Only i n  t h i s  manner can cons i s t en t  and unbiased informat ion  be 
obta ined  from wind measurements. 

Af t e r  an empir ica l  s tudy involving frequency d i s t r i b u t i o n s ,  t h e r e  
i s  usua l ly  good i n d i c a t i o n  of t he  t h e o r e t i c a l  frequency d i s t r i b u t i o n  
obeyed by the  v a r i a b l e  under s tudy;  t h a t  i s ,  a his togram o r  frequency 
polygon shows whether t he  d a t a  may reasonably  conform t o  a symmetric, 
skewed, o r  multi-modal ( e i t h e r  symmetric o r  skewed) t h e o r e t i c a l  frequency 
curve.  Theore t i ca l  r e s u l t s  are d e s i r a b l e  because l a r g e  masses of d a t a  
can usua l ly  be summarized by the  computation of a few parameters  and/or  
s t a t i s t i c s ,  and because p robab i l i t y  t a b l e s  e x i s t  f o r  t he  t h e o r e t i c a l  
frequency d i s t r i b u t i o n s  most f requent ly  encountered.  

Therefore ,  t h i s  study w i l l ,  in  t h e  near  f u t u r e ,  be extended by 
ob ta in ing  parameters f o r  t h e  appropr ia te  t h e o r e t i c a l  frequency d i s t r i b u -  
t i o n s  of d a i l y  peak su r face  winds a t  Cape Kennedy. 
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PERCENTAGE FREQUENCY DISTRIBUTIONS 
DAILY PEAK SURFACE WIND 

CAPE KENNEDY, FLORIDA 
FEBRUARY 1950 - JANUARY 1964 

TABLE I: SPEED VERSUS DIRECTION 

I. 1. 
I. 2. 
I. 3. 
I. 4. 
I. 5. 
I. 6. 
I. 7. 
I. 8. 
I. 9. 
I. 10. 
I. 11. 
I. 12. 
I. 13. 
I. 14. 
I. 15. 
I. 16. 
I. 17. 

J a n u a r y  
F eb  r ua r y 
M a r c h  
A p r i l  

June 
Ju ly  
August  
Sep tember  
October  
November  
D e c e m b e r  
Winter 
Spr ing  
S u m m e r  
Fall 
Annual 

May 

DESCRIPTION: 
da i ly  peak  wind speed  and d i rec t ion .  
row and a d i r ec t ion  co lumn r e p r e s e n t s  the pe rcen tage  of t ime  tha t  a peak wind 
having the indicated magnitude and d i rec t ion  m a y  be  expected t o  occur .  

Table  I p r e s e n t s  b ivar ia te  pe rcen tage  f requency  d is t r ibu t ions  of - 
The value found by in t e r sec t ing  a wind speed  

To ta l  column va lues  r e p r e s e n t  the pe rcen tage  f requency  d is t r ibu t ion  of 
da i ly  peak wind speed.  
wind m a y  be expected to have  a magnitude equal  to  tha t  of the co r re spond ing  speed  
class in t e rva l .  

E a c h  value indicates  the pe rcen tage  of t ime  that a peak  

To ta l  row va lues  r e p r e s e n t  the percentage  f requency  d is t r ibu t ion  of wind 
E a c h  value ind ica tes  the  d i r ec t ion  a s soc ia t ed  with the da i ly  peak wind speeds .  

pe rcen tage  o€ t i m e  that a peak wind may be expected froili the  Coi-reSpGnding 
16-point  c o m p a s s  d i rec t ion .  

Cumulat ive total  co lumn va lues  r e p r e s e n t  the cumulat ive pe rcen tage  
f requency  d is t r ibu t ion  of da i ly  peak wind speed.  
pe rcen tage  of t ime  tha t  a peak wind may be  expected to  have a magnitude l e s s  
than o r  equal  to the upper  c l a s s  l i m i t  of the co r re spond ing  speed  c l a s s  i n t e rva l .  

E a c h  va lue  ind ica tes  the 

E a c h  pe rcen tage  f requency  in the total  row and co lumn and  the cumula t ive  
to ta l  co lumn was  obtained f r o m  a cor responding  cumula t ive  f requency  and,  
because  of rounding, m a y  not  be  in  exact a g r e e m e n t  with the value obtained by 
adding the  individual column o r  row percentages .  

19 



T A B L E  I. 1. JANUARY (434 Observa t ions)  

S P E E D  i DIRECTION 

(m sec- ')  

<4.  8 
4 . 9 -  
7.5 - 10.0 

10. 1 - 12.6 
12.7 - 15. 1 
1 5 . 2 - 1 7 . 7 3 0 - 3 4  
17. 8 - 20. 3 
20.4 - 22.9 

2 2 3 . 0  

(knots) N NNE N E  E N E  E ESE 

5 9  0.69 0 .69  1. 38 0.46 0.92 0.69 
7 . 4 1 0 - 1 4  4 . 8 4 2 . 0 7 2 . 3 0 0 . 6 9 1 . 8 4  1.38 

15 - 19 4. 1 5  1.38 0.92 0 .00  1.84 1.15 
20 - 24 2. 53 0.23 0. 23 0.46 0.92 0.23 
25 - 29 1. 84 0.00 0. 00 0.23 0. 00 0. 00 

1 . 3 8 0 . 2 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  
35 - 39 0. 23 0 .  00 0. 00 0. 00 0.00 0. 00 
40 - 44 0.00 0.00 0.00 0.00 0.00 0.00 

2 4 5  0.00 0.00 0. 00 0 .00  0.00 0 . 0 0  
Tota l  15.67 4.61 4. 84 1.84 5.53 3.46 

SE 

1.38 
2. 07 
1.15 
0. 69 
0. 46 
0.23 
0. 00 
0.00 
0. 00 
5.99 

SSE S SSW SW WSW W WNW 

0.46 1 .15  0.46 0.00 0.46 0.00 0.46 
2. 30 2. 53 1. 38 2. 30 0.46 0. 23 2. 76 
0.92 1.61 0.46 1 .84  1.15 0.46 0.69 
1. 38 0. 6 9  1.61 0. 92 0. 46 0. 92  0. 92 
0.46 0. 23 0. 00 1. 15 0. 92  0. 69 0.69 
0.00 0.00 0.46 0.23 0.23 1 .61  0.23 
0. 00 0. 00 0. 00 0. 23 0. 23 0. 23 0. 00 
0.00 0. 00 0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  
0. 00 0. 00 0. 00 0. 00 0. 00 0. 23 0. 00 
5. 53 6. 22 4. 38 6.68 3.92 4. 38 5. 76 

SSE 

0.46 
3. 92  
2. 76 
3. 00 
0. 46 
0. 23 
0. 00 
0.23 

S SSW SW WSW W WNW NW NNW 

0. 00 0. 23 0. 00 0. 69 0. 00 0. 23 0. 23 0. 00 
2. 30 1 . 6 1  I .  15 0. 46 1. 38 0 .92  0 .69  0. 92 
0. 92  0. 92  1 .84  1.61 2. 53 2. 07 0.92 0. 92 
0. 69'  0. 23 0. 69 0. 23 2. 07 0. 92  1. 15 1. 15 
0. 23 0. 46 0. 00 0. 92 0. 46 0. 00 0.46 1. 6 1  
0 .46  0. 23 0. 23 0 .46  1. 84 0. 00 0.46 0. 69 
0. 00 0. 00 0. 00 0. 00 0. 23 0. 92 0.46 0. 23 
0. 00 0. 00 0. 00 0. 00 0. 23 0. 00 0. 00 0. 23 

S P E E D  

( m s e c - ' )  (knots )  

5 4 . 8  5 9  
4 . 9 -  7.4 1 0 - 1 4  
7 . 5 - 1 0 . 0  1 5 - 1 9  

10. I - 12.6 20 - 24 

DIRECTION 
Cum. 

N NNE NE ENE E ESE S E  SSE S SSW SW WSW W WNW NW NNW Tota l  T o t a l  

0.00 0.00 0.48 0.00 1.19 0.00 0.24 0.00 0 .00  0.00 0.24 0.00 0.00 0.00 0.00 0.00 2.14 2.14 
1 .19  0.48 2 .38  1 .90  4 .52  6 .19  5.00 1.67 0.95 1 .19  0.71 0.71 1 .43  0.95 0 .48  1.67 31.43 33.57 
3.33 1.67 1 .90  1.67 3.81 3.81 5 . 4 8  3.57 1.19 0.48 0 .71  0.71 1.90 0 .95  1 .67  1 .43  34.29 67 .86  
0. 71 1.67 0 . 4 8  1.43 0. 71 1. 19 2.62 1.67 1. 19 0. 00 1. 19 0 .48  0. 95 0. 71 1. 19 0.95 17. 14 85. 00 

TABLE I. 2. FEBRUARY (395 Observa t ions)  

DIRECTION 
I I I I I 1 I I I 

T o t a l  - 
6. 33 

32. 91  
25.32 
16. 7 1  
9.11 
5. 06 
3. 29 
1. 27 
0. 00 

0 0 . 0 0  

I I I I I 
To ta l  

39.24 
64. 56 
81.27 
90. 38 
95.44 
98.73 

LOO. 00 

1 4 .  8 < 9  
4.9 - 7.4 10 - 14 
7.5 - 10. 0 15 - 19 

10. 1 - 12.6 20 - 24 
12. 7 - 15. 1 25 - 29 
15.2 - 17. 7 30 - 34 
17. 8 - 20. 3 35 - 39 
20.4 - 22. 9 40 - 44 0.00 0.00 0.00 0.00 0.25 0.25 0.25 0.25 0.00 0.00 

0.00 0.00  0 . 0 0  0 . 0 0  0 . 0 0  0.00 0.00 0.00 0 .00  0.00 
3.4216.5814. 0513.04 15.061 3.8016. 8417. 34 I 8. 1016. 08 w T o t a l  

0.0010. OOIO. 0010.0010.0010.00 
2. 1515.0614. 3012.5315.8215.82 

I I I I I I I I I I I I I I 

MARCH (434 Observa t ions)  TABLE I. 3. 

1 I S P E E D  
I I I I I 

D - LECTION 
I 1 I I I I  I I 

Tota l  E I ESE S E  

0. 00 
5. 07 
3. 92 
3. 00 
0. 92 
0. 23 
0.00 
0. 00 

2.53 
30. 88 
28. 34 
19. 12 

7. 83 
7. 37 
2. 53 
0. 69 
0. 69 

00 .00  
~ 

- 

0. 00 0. 23 
1. 84 2. 53 
2.53 1. 15 
0. 46 0. 46 
0. 23 0. 23 
0. 23 0. 23 
0. 23 0. 23 
0.00 0.00 

33.41 
61. 75 
80. 88 
88. 71 
96. 08 
98.62 
99. 31 

2 2 3 . 0  I 2 4 5  ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0  
Tota l  112.67l5.0714. 1512. 07 

0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 2 3 ~ 0 . 2 3  (0 .231 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0  
L1.0614.6113.6914. 1514. 6 1  18. 9915. 0714. 3815. 76 

2 2 3 . 0  I 2 4 5  IO. 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 .  001 0.001 0. 00 I 0.00 I 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0  10.2410. 0010.0015. 00 I 
~ 8 . 1 0 ~ 4 . 5 2 ~ 5 . 4 8 ~ 5 . 0 0 ~ 1 0 . 9 5 ~ 1 1 . 9 0 ~ 1 4 . 7 6  I 7. 1414.2912.8614.0511.9015.4813.81]4.5215.24 1100.001 

0. 24 1100.00 
Tota l  
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S P E E D  DIRECTION 
Cum. 

(msec - ' )  (knots)  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Tota l  To ta l  

5 4 .  8 < 9  0 .00  0.00 0 .23  0 .92  0.00 0.69 0.00 0.00 0 .00  0.00 0.00 0.00 0 .23  0 .00  0 .00  0 .00  2 .07  2.07 

7. 5 - 10. 0 15 - 19 1. 38 3.23 3.69 1 .38  4. 15  4.84 8.29 3. 00 1. 38 1 .61  0.69 0 .46  0. 69  0.46 0.46 0. 23 35. 94 73. 27 
10. 1 - 12.6 20 - 24 1.61 1. 38 0.46 2 .53  1 .84  2.53 2.07 2. 07 0 .46  0. 23 0 23 0.46 0. 23 0. 23 0.46 0.46 17. 28 I 90.52 
112.7 - 15. 1 25 - 29 0.00 0 .0010 .2310 .23  I 1 .54  I 0 .23  I 0.46 0 . 0 0 1 0 . 2 3  13.23~0:OO 0 . 4 6 1 0 . 0 0 ' 0 . 0 0 1 0 . 0 0  0 . 2 3  4. 15 94.70 
15. 2 - 17. 7 30 - 34 0.69 0 .23  0. 23 0.46 0 .23  0 .00  0.23 0. 23 0 .46  0. 00 0.00 0.46 0 .46  0. 23 0. 00 0.00 3. 92 98.62 
1 7 . 8 - 2 0 . 3 3 5 - 3 9 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  0.00 0 . 0 0  0 .00  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 3 0 . 4 6 0 . 4 6  1 .15  99.77 
20.4 - 22.9 40 - 44  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00 0.00 0.00 0.00 0.00 0 .00  0 . 0 0  0.00  0. 00 99. 77 

223 .  0 2 4 5  0. 00 0. 00 0 .  00 0 . 0 0  0 . 0 0  0 .00  0.00 0. 00 0. 00 0 .00  0 . 0 0  0. 00 0. 00 0 . 0 0  0. 00 0 .23  0. 23 100. 00 
T o t a l  5 .76 6. 22 7. 14 7.60 14. 29 14.06 16.36 8. 29 3 .46  2. 76 1.84 2. 53 2. 07  1 . 6 1  3 .69  2.30 100. 00 

4 . 9  - 7 . 4  10 - 14 2. 07 1. 38 2.30 2.07 6 . 2 2  5.76 5.30 3.00 0. 92 0 . 6 9  0.92 0 .69  0 .46  0.46 2.30 0 . 6 9  35. 25 37.33 

TABLE I. 6 

0.00 0.00  0.00 0 . 0 0  0 .00  0.00 0 .24  0.00 0 .00  
0. 0 0  0. 00 0. 00 0. 00 0. 24 0. 00 0. 24 0. 24 0.00 
1. 43 5. 24 3 . 5 7  3. 57 2.62 4. 76 2. 38 1 . 9 0  2. 14 

S P E E D  I DI 
I I I 1  I I I 

0 .48  
0. 71 

100. 00 

< 4 .  8 

0.69 
10.60 
8.29 
1.38 
0.23 
0.23 
0.00 
0 .00  
0 .00  

21.43 

JUNE (420  Obse rva t ions )  

0. 23 0. 46 0. 00 0. 00 0. 23 0. 00 0. 00 0. 23 0. 00 4. 84 4. 84 
4 . 6 1  1 . 1 5  0.92 1.61 0 . 6 9  0 .69  0 .46  0 .23  0.00 46.54 51. 38 
2. 76 1. 84 1. 15  1. 38 1. 15  0.46 0 .46  0. 23 0. 23 25. 12 76. 50 
1 . 3 8  1 . 1 5  0.92 1.38 0 .69  0.46 0 . 2 3  1 .38  0.69 11 .98  88 .48  
0. 00 0. 23 0. 23 1. 15 0. 69 0.46 0. 69  0.00 0. 23 5. 07  93. 55  
0 .00  0.46 0.46 0 . 0 0  0 .23  0 .69  0.69 0.23 0 . 2 3  3 .69  97 .24  
0. 00 0 .00  0 .00  0. 23 0. 23 0.00 0. 23 0 .23  0 .00  0. 92 98. 16 
0 .00  0 . 0 0  0.00 0.23 0 .23  0 . 2 3  0 . 2 3  0 . 2 3  0 .00  1 .15  99 .31  
0 .00  0 .00  0.00 0.00 0 .23  0.00 0 .23  0.00 0.00 0 .69  100.00 
8 . 9 9  5 .30  3.69 5 . 9 9  4 .38  3 .00  3 . 2 3  2.76 1 .38  100.00 

1 
I I I I  I 1  I I  1 

20.4 - 22. 9 
2 2 3 . 0  

To ta l  - 
4. 29 

38. 81 
29. 52 
14. 76 

6. 19 
2. 62 
2. 62 

40 - 44 0.00 0.00 0. 00 0.00 
2 4 5  0.00 0.00 0.23 0 .00  

T o t a l  

TABLE I. 7. JULY (434 Obse rva t ions )  

2. 30 2. 07 2. 53 3. 6 9  

43.10 
72. 62 
87. 38 
93 .57  
96. 19 
98. 81 
99.29 

SE 

0.92 
5.53 

1.84 
0.46 
0 .00  
0.00 
0.90 
0.00 

12.90 

4.15 

I I I I I I I I I I I I I I I I  I t  1 I Cum. 

SSE S SSW SW WSW W WNW NW NNW Tota l  To ta l  

0.46 0 .23  0 .00  0.00 0 .00  0 .23  0 .46  0 .23  0 .00  6 .22  6 .22  
2. 30 2. 30  1. 38 1 .  15 0 .46  0 .69  0. 92 0. 23 0 .69  48. 62 54. 84 

1 . 3 8  1 . 6 1  0.23 1 . 1 5  0-46 0 .69  0.92 0.23 0 .23  1 2 . 6 7  89-40 
0 .23  0.46 0 .23  0.46 0 .69  0.92 0.92 0 . 6 9  0 .23  5.76 95 .16  
0. 00 0 . 2 3  0.00 0.00 0 .23  0.00 0. 00 0.46 0. 00 1. 38 96. 54 
0. 00 0 .00  0 . 0 0  0 .00  0. 00 0. 92 0 .69  0.23 0. 00 2. 30 98. 85 
0. 00 0. 0 0  0. 00 0. 00 0. 23 0. 23 0. 00 0.00 0.00 0. 6 9  99. 54 
0. 00 0 .46  0 . 0 0  0. 00 0.00  0 .00  0. 0 0  0. 00 0.00 0.46 100. 00 
7. 14 6. 9 1  2. 07 4. 38 2 .53  4. 15  3. 92 2. 76 1. 84 100.00 

2. 76 1 .61  0 . 2 3  1 . 6 1  0 . 4 6  1-1.46 n on n.69 0.69 21.89 76. 73 

12. 7 - 15. 1 25 - 29 
15. 2 - 17. 7 30 - 34 
17. 8 - 20. 3 35 - 39 

E 

1.61 
7 .37  
2.53 
0.46 
0.00 
0 .00  
0 .00  
0 .  00 
0 .00  

- 

1 0 . 1 - 1 2 . 6 2 0 - 2 4 0 . 9 2 0 . 0 0 0 . 4 6 0 . 4 6  0 .92  
0.00 0 .00  0.00 0 . 2 3  0 . 2 3  
0 .00  0. 00 0. 00 0 .23  0 .23  
0.23 0 .00  0. 00 0 .23  0.00 

2 0 . 4 - 2 2 . 9 4 0 - 4 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  0 .23  

ESE 

0 .46  
11 .98  

3. 6 9  
0.46 
0 . 6 9  
0. 00 
0. 00 
0 . 0 0  

- SE I SSE I S (SSW I SW lWSWl W IWNWlNW INNWl To ta l  I T o t a l  

TABLE I. 8. AUGUST (434 Observat ions)  

I I I 1 I I 

2 2 3 . 0  I 2 4 5  ~ O . O O ~ O . O O ( O . O O ~ O . O O ~  0.00 
To ta l  13. 001 3.6919.4516.68 117.28 

XSE 

0. 6 9  
7.14 
2. 30  
1. 1 5  
0 .00  
0. 00 
0. 0 0  
0. 00 
0 .00  
1. 29 

_. 

_. 

- 

I I I I I  I I I 1  1 I Cum. I 
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TABLE I. 9. S E P T E M B E R  (420 Observa t ions)  

S P E E D  DIRECTION 

(rn sec-I)  I (knots) I N E 

1. 90 
9.05 
3.10 
2.86 
0.71 
0. 48 
0. 24 
0. 24 

5 4 .  8 
4.9 - 7 . 4  10 - 1 4  
7 . 5  - 10.0 15 - 1 9  

10. 1 - 12.6 20 - 24 
12. 7 - 15. 1 25 - 29 
15.2 - 17. 7 30 - 34 
17. 8 - 20. 3 35 - 3 9  
20.4 - 22. 9 40 - 44 

2 2 3 . 0  1 
Tota l  

E S E  S E  SSE S SSW SW WSW W WNW NW NNW 

0. 71 0.24 0.24 0. 00 0. 00 0. 00 0. 00 0.24 0. 24 0. 00 0. 00 
6. 1 9  5. 00 1 .67  1. 90 0. 71 0. 71 0. 71 0. 71 0 .24  0. 24 0. 24 
3 .33  2.62 1 .67  0 .95  0 . 9 5  0 .95  0.00 0.95 0.00 0.48 0.95 
1. 90 2. 38 0.95 0. 71 0.24 0.24 0. 71 1. 19 0.24 0. 24 0.24 
0.00 0.71 0.48 0.48 0 .00  0.24 0.24 0 .00  0.24 0.24 0.48 
0. 24 0. 24 0.48 0. 00 0. 00 0. 00 0. 00 0. 00 0. 24 0. 00 0. 24 
0. 00 0. 24 0. 00 0. 00 0. 24 0. 71 0. 00 0. 24 0. 00 0. 00 0. 00 
0. L4 0. 00 0. 71 0.46 0. 00 0. 00 10. 00 0. 24 0. 00 0. 00 0. 00 

S P E E D  

Tota l  

E 

0.46 
3 .92  

ESE S E  SSE S SSW SW WSW W WNW NW NNW 

0.23  0.46 0.46 0 .00  0 .46  0 .00  0.46 0.46 0 .46  0 .23  0.23 
3.00 1.15 2.76 0 .92  0.46 0 .92  0.46 0 .92  0.46 2.07 0.65 

1 

2.07 
1. 15 
0. 46 
0. 23 
0. 00 
0 .00  

0. 24 
1. 67 
1.90 
1.90 
0.48 
0. 24 
0.48 
0. 24 
0. 00 
7. 14 
- - 

1.38  0.69 0.46 0.46 0 .92  0.46 0 . 9 2  1.38 1 .15  1 . 8 4  
0. 23 0. 00 0. 00 0. 23  0. 69 0. 23 0 .69  0.69 1. 38 1. 84 
0. 23 0. 69 0. 00 0. 23  0. 23 0. 23 0. 23 0. 00 0. 00 0.46 
0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 23 0.46 
0. 23 0. 00 0. 00 0. 00 0. 00 0. 00 0. 23 0. 00 0.00 0. OC 
0.00 0.00 0.00 0.00  0.00 0.00 0 .23  0 .00  0 .00  O . O (  

NNE 

N 

0.00 
2 .38  
4.05 
4.52 
1.43 
0. 24 
0. 00 
0. 24 
0. 00 
2. 86 

0 .48  
I .  90 
1 .43  
0 .48  
0 .48  
0.00 
0.00 
0.00 

- - . ._ 

NNE NE E N E  E ESE S E  SSE S SSW SW WSW W WNW 

0 . 4 8  0 .48  0 . 9 5  1 .43  1 .19  0 .71  0 .71  1 . 1 9  0 . 4 8  0.24 0 . 2 4  1 . 6 7  0.24 
1 . 6 7  2 .38  1 .90  3.81 2.62 4 . 0 5  2 . 1 4  1 . 4 3  0.71 0 . 9 5  0 .95  1 .43  0 .95  
1.67 2 . 8 6  2 . 3 8  3.10 2 . 6 2  0.71 0 . 7 1  0 . 9 5  0 . 4 8  0 .48  0 . 2 4  0 . 9 5  0 . 9 5  
0.95 1.43 1 .19  1 .19  0 . 4 8  0.95 0 .48  0 .48  0.48 0 . 2 4  0 .71  0.24 0 .48  
0. 48 0. 48 0. 24 0. 48 0. 00 0. 24 0. 24 0. 00 0. 00 0. 24 0. 24 0. 00 0. 71 
0. 00 0. 00 0. 00 0. 24 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0 .48  0.24 
0. 24 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 24 0. 00 
0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 24 0. 00 0. 00 0. 00 
0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 24 0. 24 0. 00 
5 .48  7 . 6 2  6 .67  10. 24 6 . 9 0  6 .67  4. 29 4 .05  2. 14 2. 38 2 . 6 2  5. 24 3.57 

5 4 .  8 
4. 9 - 7 . 4  
7 . 5  - 1 0 . 0  

10. 1 - 12.6  
12. 7 - 15. 1 
15. 2 - 17. 7 
17. R - 20. 3 
2 0 . 4  - 22. 9 

0.00 1 0 .oo )o .  00 1 0.001 0.00 I o.oo1o.oo~o.oolo. oo)o.oo1o.oo)o.oolo. 00 lo. 001 0.00 
4. 76 111. 1918. 81 118. 56112.62 111.4316. 1914. 5212. 1412. 86 11.67 13.5711. 1 9  11. 1912, 14 

c 9  
10 - 14 
15 - 19 
20 - 24 
25 - 29 
30 - 34 
35 - 39 
40 - 44 

TABLE 1. 10 OCTOBER (434 Observa t ions)  

DIRECTION 

E ESE SE SSE S SSW SW WSW W WNW NW NNW 

0.92 1 .  15 0.46 0. 23 1. 15 0.46 0. 69 0.46 0.46 0 .69  0.46 0 .23  
2.30 0 .92  1.61 3 . 2 3  1 . 6 1  0 . 6 9  0.92 2 .30  0.46 0 .92  3 .46  3.46 
0. 92 0 .92  0. 92 0 .92  0 . 9 2  0 .92  0 .69  0 .69  0 . 4 6  1 .84  2.76 3.69 
0 .69  0.46 0 . 6 9  1. 38 0 . 9 2  0 .92  0. 69 0.23 0.46 0.46 3. 23 2.76 
1 .15  0.46 0.46 0.00 0 . 2 3  0 .23  0 . 0 0  0 . 0 0  0 .23  1 .15  1 . 6 1  1 .38  
0 .23  0 . 0 0  0 .00  0 . 0 0  0 . 2 3  0.00 0 .00  0.00 0 .23  1 .15  0 . 2 3  0 .69  

Cum. 
Tota l  Tota l  

12.44 12 .44  
33.41 45 .85  
20.28 66. 13  
17. 28 83 .41  

9 .45  92.86 
3.69 96.54 

0.00 I 0.23  1 0.23)  0 .23  
3.36 110. 14113.3619.22 

0 .23  0 .23  0.00 0.00 0 .00  0 23 
O . O O ~ O . O O ( O . O O ( O .  OO(O.OOl0: 00 

3. 46 
2. 30 
2. 30 
0. 23 
0. 69 
0. 00 

0 . 0 0  0 23 0 00 0 23 0.00 0 .23  2.30 98.85 
0. 2310: 0010: 0010: 00 1 0.00 1 0.00 1 0.23  1 99.081 

0.001 0. 00 1 0. 001 0. 001 0.001 0.001 0.001 0.001 0.001 0.00 )0.001 0. O( 
13.361 7. 14 I 3.6914.611 1. 3811. 841 2. 7611.8413.6913. 0015. 071 5. 52 

TABLE I. 11. NOVEMBER (420 Observa t ions)  

DIRECTION 

TABLE I. 12. DECEMBER (434 Observa t ions)  

223 .  0 I 
To ta l  

2 4 5  I O . O O ~ o . O O ~ O . O O ( O .  00 1 0. 0010. 0010. OOlO. 0010. oo~o.oo(0. 0010. 00 ( 0 . 4 6 ( 0 . 2 3  1 0 .00  1 0.23  I 
115.441 4. 8416. 221 3 . 4 6  I 6.4514. 1514. 15 15. 76 15. 071 3.4613. 23 13. 92 12. 761 6 . 6 8  11 I .  75 112.67 1100.00 I 

0.92  (100.00 
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T A B L E  I. 13. WINTER (1263 Observa t ions)  

r SPEED I I 

(msec- ' )  

5 4 . 8  
4 . 9 -  7 . 4  
7. 5 - 10. 0 

10. 1 - 12.6  
1 2 . 7 -  15. 1 
15. 2 - 17.7  
17. 8 - 20. 3 
20 .4  - 22. 9 

_. ___ I 
I I I I 

(knots) N NNE NE E N E  

1 9  0 .71  0.40 1 . 2 7  0 .71  
1 0 - 1 4  4 .91  2.22 2 .22  1 .03  
15 - 1 9  3 .33  0.95 0.95 0.40 
20 - 24 2 .45  0.87 0.32 0. 32 
2 5 - 2 9  1 .66  0.08 0.32 0. i 6  
30 - 34 1. 11 0. 16 0.08 0. 00 
35 - 39 0. 24 0. 16 0.00 0. 00 
40 - 44 0.08 0.00 0.00 0. 00 

DIRECTION 

N NNE NE E N E  E ESE SE SSE S SSW SW WSW W WNW NW NNW 

0.16 0.00 0 .23  0 .31  0.39 0.31 0.08 0.16 0.00 0 . 0 8  0.08 0 .23  0.08 0.08 0.08 0.00 
1. 55 1. 55 2 . 4 8  1. 71 4. 19 4. 81 5. 12 2.87 1 .40  1.16 0 .93  0.62 1. 09 0 .78  1.16 1. 09 
2 .87  2 .10  2 . 1 0  1 .09  3 .49  3.26 5 . 9 0 3 . 1 1  1 .16  1.01 1.09 0.93 1 . 7 1  1 .16  1 . 0 1  0.85 
2.02 1.24 0.47 1 . 4 0  1.01 1 . 4 0  2.56 2 . 2 5  0 .78  0.16 0.70 0 .39  1 .09  0.62 0 .93  0.85 
1.16 0 .23  0.08 0.08 0 .93  0.39 0.62 0.24 0 .31  0 . 4 7  0.08 0.47 0 .23  0.16 0.16 0 . 7 8  
0 .93  0 .16  0 .23  0 . 3 1  0.16 0.08 0.24 0.16 0.39 0.16 0 .23  0 .31  0 .93  0.16 0 .31  0 .31  
0.16 0.00 0.00 0 . 0 0  0.08 0.08 0.16 0.00 0.08 0 . 0 0  0 .00  0.00 0.08 0 .47  0 .47  0 .23  
0.00 0.00 0.00 0. 00 0. 00 0. 00 0. 08 0 . 0 8  0. 00 0. 08 0. 16 0.00 0. 16 0.08 0.08 0 .23  
0.00 0. 00 0.00 0.00 0. 00 0.00 0. 00 0.00 0. 0 0  0.00 0.08 0.08 0. 16 0. 00 0 .00  0.08 
8 .85  5. 28 5;59 4. 89 10.25 10. 33 14.75 8 .85  4. 11 3. 11 3.34 3 .03  5. 51  3.49 4. 19  4 . 4 3  

2 2 3 . 0  I 2 4 5  ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0  
T o t a l  114.4914.8315. 1512.61 

Cum. 
T o t a l  T o t a l  

2 .25  2 .25  
32 .53  34. 78 
32.84 67.62 
17 .86  85.48 
6 . 3 7  91.85 
5.05 96.89 
1 .79  98.68 
0.93 99.61 
0.39 100. 00 

100.00 

S E  SSE S SSW SW WSW W WNW NW NNW T o t a l  

1.03 0 .48  1 . 0 3  0 . 4 0  0.24 0 .32  0 . 2 4  0 . 5 5  0.55 0.40 9 .90  
2. 53 2 . 6 9  1 .66  0. 95 1.66 1. 19  0 .63  1 .66  3. 09 2 . 4 5  32. 86 
2.14 1 .11  1 .27  0 .71  1 .11  1 .03  1 . 0 3  1 .35  2 .45  2 .53  22 .80  
1. 27 1 . 4 3  0. 71 0. 87  0 . 9 5  0.24 0. 7 9  0 .95  1 . 9 0  2. 14 16 .47  
0. 55 0.24 0. 40 0 .32  0.48 0 .55  0 .55  0 .95  1 .90  1 .27  10. 06 ' 0.16 0.00 0.08 0.24 0.24 0 . 2 4  0 . 7 1  0 . 5 5  0 .32  0.71 4 .75  
0 . 0 0 0 . 0 0  0.00  0.16 0.16 0.24 0 . 3 2  0.40 0.16 0 . 0 8  2.22 
0. 00 0. 00 I I  0. 0 0  0. 00 0. 16 0. 08 I 0. 08 0. 08 0.08 I 0. 00 0. 55 

DIRECTION 

SE SSE S SSW SW WSW W WNW NW NNW 

0.47 0 .47  0 .39  0 .31  0.08 0.24 0 . 7 8  0 .31  0 .31  0 .16  
3.38 2 . 2 6  i . 4 i  0 .63  0.86 0 . 7 i  i . 0 2  0 .55  i . 8 8 l i . 0 2  
1.57 1. 02 0. 78 0 . 6 3  0. 78 0.24 0. 94 0. 78  1 .57  1 .73  
1.18 0 .47  0. 39 0. 31 0. 39 0 .55  0. 71 0 .47  I .  02 1.41 
0. 39 0 .47  0. 16 0. 08  0.24 0. 24 0. 08 0 . 3 1  0.39  0. 94 
0. 08 0. 16 0. 00 0. 00 0.00 0. 00 0. 16 0. 16 0. 08 0 .47  
0.16 0. 00 0 .00  0. 08 0.24 0. 00 0. 24 0. 00 0.00 0. 00 
0 . 0 0  0 .24  0.16 0 . 0 0  0.08 0.00 0 .16  0.00 0.08 0 .00  
0.00 0. 00 0. 00 0. 00 0. 00 0. 08 0. 08 0. 00 0. 00 0. 00 
7.22 5. 02 3. 30 2. 04 2.67 2. 04 4. 16 2. 5 9  5. 34 5. 73 

0.00 I 0.00 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 0 0 ~ 0 . 2 4 ~ 0 . 0 8  I O . O O 1 0 . 0 8 1  0.40 
5 . 9 4 1  4 .43  I7.6815.9415.1513.6414.9913.8814.5916.57 ~10.4519.661100.00  

Cum. 
T o t a l  Tota l  

7 . 3 0  7.30 
3 3 . b l  40.Y7 
26 .45  67.42 
17. 90 85. 32 
8. 24 93.56 
3. 14 96. 70 
1 .65  98. 35 
1 .26  99.61 
0. 39 100. 00 

100.00 

- 
Cum. 
Tota l  

9. 90 
42. 76 
65.56 
82.03 
92. 08 
96. 83 
99.05 
99.60 

- 

100.00 
- 

(msec-') 

< 4 .  8 

(knots) N NNE N E  E N E  

2 9  0. 08 0.47 0.86 0 .39  

T A B L E  I. 15. SUMMER (1288 Observa t ions)  

NE E N E  E ESE SE SSE S SSW SW WSW W WNW NW NNW 

0. 39 0. 70 1. 32 0 .47  0. 70 0. 31 0. 23 0. 08 0.08 0. 08 0. 16 0. 16 0. 16 0. 08 
3. 57 2.87 8 .70  8.62 7.84 4. 27 1. 94 1. 16 1. 01 0.47 0. 78 0. 54 0 . 2 3  0. 39 
1.48 0 .85  2 . 4 1  3 .49  6.60 2 .87  1 .55  0 .70  1 .40  0 .78  0 .70  0.16 0 .47  0.47 
0. 70 0 .47  0.70 1. 32 2. 33 1. 32 1. 16 0. 54 1. 16 0 . 6 2  0.54 0 . 4 7  0 .62  0. 39 
0.08 0.08 0 . 0 8  0.23 0.39 0. 31 0.54 0. 31 0. 78 0.54 0. 78  0. 70 0 .31  0 .23  

' 0.00 0. 08 0. 08 0 .00  0 .08  0. 00 0 .23  0. 23 0.08 0. 31 0. 39 0. 39 0.31 0. 08 
0.00 0.08 0.00 0 .00  0.08 0.08 0 . 0 0  0.08  0.08 0.08 0 . 4 7  0 .47  0 .23  0.16 

2 0 . 4 - 2 2 . 9 4 0 - 4 4  o . o o 0 . 0 8  o . o o o . o o  0 .08  0.00 o . o o o . o o o . o o n . o o o . o ~ o . 1 6  0.16 o . 1 6 0 . 0 8 o . 0 0  
2 2 3 .  0 2 4 5  0. 00 0. 00 0. 08 0. 00 0. 0 0  0. 00 0. 00 0. 00 0. 16 0. 00 0. 00 0. 16 0. 00 0. 16 0.08 0.00 

T o t a l  2. 72 3. 03 6. 29 5. 12 13. 35 14. 13  18. 01 9. 16 5. 82 3. 11  4. 66 3. 18 3. 96 3. 18  2 .48  1. 79 

T A B L E  I. 16. F A L L  (1274 Observa t ions)  

S P E E D  I 
I I I I I 

E 

1.26 
5 .  57 
3.22  
2.12 
1. 18 
0. 31 
0. 31 
0. 08 
0 .00  

14. 05 

- 

- - 

- 
ESE 

0. 71 
3.  7; 
2.67 
1. 18 
0. 16 
0. 16 
0. 00 
0. 08 
0. 00 
8. 87 

__ 

- 
- 
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PERCENTAGE FREQUENCY DISTRIBUTIONS 
DAILY P E A K  SURFACE WIND 
CAPE KENNEDY, FLORIDA 

FEBRUARY 1950 - JANUARY 1964 

TABLE 11: SPEED VERSUS HOUR O F  OCCURRENCE 

11. 1. 
11. 2 .  
11. 3. 
11. 4. 
11. 5. 
11. 6.  
11. 7. 
11. 8. 
11. 9. 
11. 10. 
11. 11. 
11. 12. 
11. 13. 
11. 14. 
11. 15. 
11. 16. 
11. 17. 

J a n u a r y  
F e b r u a r y  
M a r c h  
A p r i l  

June  
Ju ly  
August 
September  
October  
November  
D e c e m b e r  
Winter  
Spr ing  
S u m m e r  
F a l l  
Annual 

May 

DESCRIPTION: 
of da i ly  peak wind speed  and hour  of occur rence  in  loca l  s t anda rd  t ime  (LST) .  
The  va lue  found by in t e r sec t ing  a wind speed  row and a n  hour  co lumn r e p r e s e n t s  
the percentage  of t ime  that,  dur ing  the s ix ty-minute  per iod  beginning on the  
indicated hour ,  a peak wind f r o m  the  cor responding  d i r ec t ion  m a y  be expected to 
occur .  

Table  I1 p r e s e n t s  bivar ia te  percentage  f requency  d i s t r ibu t ions  -- 

Tota l  column va lues  r e p r e s e n t  the pe rcen tage  f r equency  d i s t r ibu t ion  of 
da i ly  peak wind speed.  
peak wind m a y  be expected to have a magnitude equal  to tha t  of the co r re spond ing  
speed  class in te rva l .  

E a c h  va lue  indicates  the percentage  of t ime  tha t  a 

To ta l  row va lues  r e p r e s e n t  the  percentage  f r equency  d is t r ibu t ion  of the 
E a c h  value is the pe rcen tage  of hour  of o c c u r r e n c e  of da i ly  peak wind speed .  

t ime  tha t  a peak wind m a y  be expected dur ing  the indicated hour .  

Cumulat ive total  column va lues  r e p r e s e n t  the cumula t ive  pe rcen tage  
f requency  d is t r ibu t ion  of da i ly  peak wind speed.  
pe rcen tage  of t ime  that a peak wind may be expected to  have a magnitude l e s s  
than o r  equal to the upper  c l a s s  l imi t  of the co r re spond ing  speed  c l a s s  i n t e rva l .  

E a c h  value ind ica tes  the 

E a c h  pe rcen tage  f requency  i n  the total  row and column and the cumula t ive  
total  co lumn w a s  obtained f r o m  a cor responding  cumula t ive  f r equency  and ,  
because  of rounding, may  not be  in exact a g r e e m e n t  with the value obtained by 
adding the individual column o r  row percentages.  
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PERCENTAGE FREQUENCY DISTRIBUTIONS 
DAILY PEAK SURFACE WIND 
CAPE KENNEDY, FLORIDA 

FEBRUARY 1950 - JANUARY 1964 

TABLE 111: HOUR O F  OCCURRENCE VERSUS DIRECTION 

111. 1. 
111.2. 
111. 3. 
111. 4. 
111. 5. 
111. 6. 
111. 7. 
111. 8. 
111. 9. 
111. 10. 
111. 11. 
111. 12. 
111. 13. 
111. 14. 
111. 15. 
111. 16. 
111. 17. 

J a n u a r y  
F e b r u a r y  
M a r c h  
A p r i l  

June  
J u l y  
Augus t  
Sep tember  
October  
Nov e m b  e r 
D e c e m b e r  
Winter  
Sp r ing  
S u m m e r  
Fall 
Annual 

May 

DESCRIPTION: 
of hour  of o c c u r r e n c e  - -  in  l oca l  s tandard  t i m e  (LST) - -  and d i r e c t i o n  a s s o c i a t e d  
with da i ly  peak wind speed. 
d i r e c t i o n  co lumn r e p r e s e n t s  the percentage  of t i m e  that ,  du r ing  the s ix ty-minute  
pe r iod  beginning on the indicated hour ,  a peak wind f r o m  the co r re spond ing  
d i r e c t i o n  m a y  be  expected t o  occur .  

Table  I11 p r e s e n t s  bivar ia te  p e r c e n t a g e  f requency  d is t r ibu t ions  

The value found by i n t e r s e c t i n g  a n  hour  row and a 

To ta l  co lumn va lues  r e p r e s e n t  the p e r c e n t a g e  f requency  d is t r ibu t ion  of 
the hour  of o c c u r r e n c e  of dai ly  peak wind speed. 
of t i m e  tha t  a peak wind m a y  be expected du r ing  the indicated hour .  

E a c h  value is the p e r c e n t a g e  

To ta l  row va lues  r e p r e s e n t  the  pe rcen tage  f requency  d is t r ibu t ion  of wind 
Each value indica tes  the  d i r e c t i o n  a s s o c i a t e d  with the dai ly  peak wind speeds .  

pe rcen tage  of t i m e  that  a peak wind may be  expec ted  f r o m  the co r re spond ing  
16-poin t  c o m p a s s  direct ion.  

E a c h  pe rcen tage  f requency  in the to ta l  row and co lumn w a s  obtained f r o m  
a co r re spond ing  cumula t ive  frequency and ,  b e c a u s e  of rounding, m a y  not be in  
exac t  a g r e e m e n t  with the va lue  obtained by adding the individual co lumn o r  row 
p e r c e n t a g e  s. 
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W 

3. 23 
3 .  00 
0. 69 
0. 00 
0. 23 
0. 00 
0. 23 
0. 00 
0. 00 
0. 23 
0. 23 
0. 69 
0. 23 
0. 00 
0. 23 
0. 23 
0. 00 
0.00 
0. 23 
0.00 
0. 23 
0. 23 
0. 23 
0. 23 
4. 38 

W N W  

0. 46 
0. 46 
0. 69 
0.00 
0. 46 
0 . 0 0  
0. 00 
0. 00 
0. 23 
0. 00 
0. 46 
0. 46 
0. 46 
0. 69 
0. 23 
0. 23 
0. 23 
0.00 
0. 00 
0.00  
0. 00 
0. 00 
0. 46 
0. 23 
5. 76 

ESE 

3. 00 
3 .  23 
3.  23 
3. 00 
3 . 0 0  
3.00 
0. 00 
0. 23 
0. 00 
0. 00 
0. 23 
0. 46 
0. 46 
0. 69 
0. 23 
0. 23 
0. 00 
0. 00 
0. 23 
0. 00 
0. 00 
0. 00 
0. 23 
0. 00 
3. 46 

S E  SSE S 

0. 46 0. 46 0. 23 
0. 00 0. 0 0  0. 00 
0. 23 0. 00 0. 00 
0. 00 0. 00 0. 23 
0 .00  0 . 0 0  0 .00  
0. 0 0  0. 00 0 . 0 0  
0.  00 0. 00 0. 23 
0. 00 0. 00 0. 00 
0. 23 0. 00 0. 00 
0. 00 0. 23 0. 23 
0. 00 0. 23 0. 23 
0. 23 0. 23 0. 69 
0. 00 0. 46 1. 38 
0. 46 0. 69 0.46 
0. 23 0. 23 0. 69 
1. 61 0. 92 0. 00 
0. 92 0. 23 0. 00 
0. 00 0. 00 0. 23 
0. 69 0. 23 0. 23 
0. 23 0. 23 0. 00 
0. 00 0. 92 0. 46 
0. 00 0. 46 0. 00 
0. 46 0. 00 0. 46 
0. 23 0. 00 0. 46 
5. 99 5. 53 6. 22 

SSE S S S W  S W  WSW W 

0. 25 
0. 76 
0. 00 
0. 00 
0. 00 
0.  00 
0 . 0 0  
0. 00 
0 .00  
0.00 
1. 27 
2.03 
0. 76 
1. 77 
1. 27 
1. 01 
1. 52 
0. 76 
0. 25 
0 .00  
0 . 0 0  
0. 00 
0. 25 

0. 00 0. 25 
0. 00 0. 00 
0.00 0. 25 
0. 00 0. 25 
0. 00 0. 25 
0. 00 0. 25 
0 .00  0.00 
0. 00 0. 51 
0.00 0 .00  
0.00 0.00 
0.25 0. 00 
0. 76 0. 00 
0. 51 0. 76 
0.51 0.00 
0. 76 0. 76 
0. 76 0. 00 
0. 76 0 .51  
0. 25 0. 25 
0. 00 0. 25 
0 .00  0.00 
0 .51  0.00 
0.00 0 .00  
0. 00 0. 00  

0. 00 
0 .00  
3 . 0 0  
0. 00 
3. 0 0  
0. 00 
0. 00 
0. 51 
0. 00 
0. 00 
0. 25 
0. 25 
0. 25 
0. 00 
0. 25 
0. 51 
0. 00 
0. 00 
0. 25 
0.  25 
0. 00 
0. 00 
0 .  00 

0. 76 0. 25 
0.00 0.00 
0 .00  0 .00  
0. 00 0. 25 
0. 25 0. 00 
0. 00 0. 25 
0.00 0 .00  
0. 00 0. 25 
0. 25 0. 25 
0. 25 0. 00 
0. 25 0. 51 
0. 00 0. 51 
0. 25 0. 25 
0. 25 1. 01 
1. 27 0. 25 
0. 51 0. 25 
0. 51 0. 25 
0. 00 0. 25 
0. 00 0. 00 
0. 25 0. 25 
0. 25 0. 51 
0. 51 0.00 
0. 25 0. 51 

0.51 
0. 25 
0. 25 
0 .00  
0. 00 
0 .  00 
0 .00  
0. 00 
0 . 0 0  
0. 00 
0. 76 
0. 51 
1. 01 
0. 00 
0.00 
0. 00  
0. 00 
0 .00  
0 . 0 0  
0. 00 
0. 00 
0. 25 
0. 25 

0.25 0 .51  
0. 00 0. 00 
0. 00 0. 25 
0.00 0.00 
0. 00 0 . 0 0  
0 .00  0. 0 0  
0 . 0 0  0.00 
0. 0 0  0.00 
0 . 0 0  0 . 0 0  
0. 00 0. 25 
0. 25 0. 76 
0. 25 0. 25 
0. 00 0. 76 
1. 01 0. 51 
0 . 0 0  1 .01  
0.51 0. 51 
0. 25 0. 2 5  
0 .00 0. oc 
0 .00  0. oc 
0. 25 0. O C  
0. 0 0  0. oc 
0. 0 0  0. OC 
0. 25 0. OC 

0. 00 
0.00 
0. 51 
0. 00 
0. 00 
0 .00  
0. 25 
0. 00 
0. 00 
0. 00 
0. 25 
0. 00 
0. 76 
0. 25 
0.51 
1. 01 
0. 00 

10.00 
lo.  00 
0. 25 
0.00 
0. 00 
0. 00 
0. 00 
3. 80 

0. 25 
0.00 
0. 00 
0. 25 
0. 25 
0 . 0 0  
0. 25 
0. 25 
0. 00 
0. 25 
0. 76 
0. 76 
0. 25 
0. 25 
0. 51 
0.51 
0. 76 
0.00 
0. oc 
0. 25 
0. oc 
0. 25 
0. 51 
0. 51 
6. 8 4  

TABLE 111. 1. JANUARY (434 Observa t ions)  

__. 

i N W  

0. 00 
0. 23 
0.46 
0. 46 
1. 15 
0 .00  
0.46 
0.46 
0. 23 
0. 69 
0. 46 
1. 15 
1. 38 
0. 46 
0.69 
0. 46 
0. 23 
0. 23 
0. 00 
0. 23 
0.00 
0. 23 
0. 23 
0. 00 
9. 91 

- 

- 

DIRECTION - 
N 

- 
ENE 

0. 23 
0 . 0 0  
0.00 
0.00 
0.  00 
0. 00 
0 . 0 0  
0.  00 
0. 00 
0. 23 
0.00 
0 .00  
0. 23 
0. 23 
0 .00  
0. 46 
0. 00 
0. 00 
0. 00 
0.00 
0.00 
0. 46 
0. 00 
0. 00 
1. 84 

- 

- 
- 

- 
s w  

- 
NNE 

- 
NE 

0. 46 
0 .00  
0. 23 
0. 23 
0 .00  

0. 23 
0. 00 
0. 00 
0. 00 
0. 00 
0. 69 
1. 38 
0. 23 
0. 00 
0. 46 
0. 46 
0. 23 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
4. 8 4  

- 

n. 23 

- 
- 

E 

3. 23 
0. 69 
0. 00 
0. 00 
0. 00 
0 .00  
0. 23 
0.00 
0. 00 
0. 46 
0. 00 
0. 69 
0. 46 
0. 23 
0. 46 
0. 46 
0. 46 
0. 46 
0. 00 
0. 00 
0. 00 
0. 00 
0. 46 
0. 23 
5. 53 

- 

- 
- 

ssw wsw N W  Total  LS T) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Total  

- 

- 
- 

0. 00 
0. 0 0  
0. 00 
0. 46 
0 .00  
0. 00 
0 . 0 0  
0 . 0 0  
0. 00 
0. 23 
0. 23 
0. 46 
0. 92 
1. 15  
0. 23 
0. 00 
0. 00 
0. 0 0  
0 . 0 0  
0. 00 
0 .00  
0. 00 
0. 23 
0. 46 
4. 38 
- 
- 

0. 23 
0. 00 
0. 46 
0. 00 
0. 00 
0 .00  
0. 46 
0. 00 
0. 00 
0. 00 
1. 38 
0. 69 
1. 15 
0. 46 
0.69 
0. 46 
0. 00 
0.00 
0. 0 0  
0. 00 
0. 00 
0. 00 
0.00 
0.69 
6. 68 
- 

3. 23 
3 .  00 
0. 00 
0 .  00 
0 .  00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 23 
0. 23 
1. 15 
0. 00 
0. 69 
0. 23 
0.46 
0. 00 
0. 00 
0. 00 
0. 00 
0. 23 
0. 00 
0. 46 
0. 00 
3. 92 
- 

0. 23 
0.46 
1. 15 
0. 46 
0. 46 
0. 6 9  
0.46 
0.69 
0. 46 
0. 46 
1. 38 
1. 38 
0.69 
1. 38 
1. 38 
1. 15 
1. 15 
0. 69 
0.00 
0.00 
0. 23 
0. 23 
0. 46 

0.00 
0 . 0 0  
0. 23 
0 .00  
0 .00  
0 . 0 0  
0.00 
0. 23 
0 . 0 0  
0 .00  
0. 23 
0. 23 
0. 92  
0. 69 
0. 69 
0. 23 
0.46 
0. 46 
0. oc 
0. oc 
0. oc 
0.22 
0. oc 
0. O t  
4.61 
- 
- 

0. 69  
0. 46 
0. 69 
0. 69 
0. 46 
0. 46 
0. 92 
0. 92 
0. 46 
0. 23 
0. 69 
1. 15 
0. 92 
0 .00  
0. 23 
0. 69 
0. 23 
0. 23 
0.00 
0.00 
0. 00 
0. 69 
0.00 
0. 46 

4. 15  
2. 53 
5. 07 
2 .53  
2. 76 
1. 38  
3. 23 
2 .53  
1. 61 
3. 23 
5. 99 

10 .37  
11. 06 

8. 53  
6. 45 
8. 06 
4. 38 
2.53 
1. 61 
0. 69 
2. 07 
2 .53 
3. 69 
3. 00 

00.00 
0.00 

15 .67  

TABLE 111. 2. FEBRUARY (395 Observa t ions)  
- 
JOUR 

LS T)  

- - 
i N W  

DIRECTION - 
S E  

0. 00 
0. 51 
0. 00 
0. 00 
0. 00 
0. 25 
0. 00 
0. 51 
0. 00 
0. 00 
0. 76 
0. 25 
0. 76 
1. 52 
2. 03 
2. 53 
1. 01 
1. 52 
0. 00 
0. 76 
0. 25 
0. 25 
0. 25 
0. 25 
3. 42 

- 

- 

- 
UNW 

- 
N W  Total  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Tota l  
- 

0. 00 
0. 25 
0. 25 
0. 00 
0. 00 
0.  00 
0. 00 
0. 25 
0. 00 
0. 0 0  
0 .00  
0 .00  
0. 25 
0. 51 
1 .77  
1.01 
1. 01 
0. 00 
0.00 
0. 51 
0. 51 
0. 25 
0. 00 
0.00 
m 

0.00 
0. 25 
0. 25 
0. 51 
0. 51 
0. 25 
0. 00 
0 .00  
0. 25 
0. 51 
0. 51 
0. 51 
0. 00 
0. 76 
0. 25 
1. 52 
0. 2 5  
0. oc 
0. oc 
0.25 
0. oc 
0. 25 
0. oc 
0. 51 
7. 34 
- 

0. 25 
1 .01  
0. 25 
0. 25 
0. 76 
1 . 0 1  
0. 25 
0. 51 
0. 51 
0. 51 
0. 76 
0. 76 
0. 00 
0. 51 
0. 00 
0. 00  
0. 00 
0. 00 
0. 00 
0. 25 
0. oc 
0. oc 
0. 25 
0. 25 
8. 1C 
- 
- 

0. 51 
0. 00 
0.00 
0. 25 
0. 25 
0. 25 
0. 51 
0.00 
0. 51 
0.51 
0.00 
0. 76 
0. 51 
1 .01  
0. 00 
0.00 
0. 25 
0.00 
0. 25 
0. 25 
0 .00  
0. 25 
0.00 
0. oc 
6.OE 

3. 80 
3. 04 
2. 03 
1. 77 
2. 28 
2. 28 
1. 27 
2. 78 
1 .77  
2. 28 
7. 34 
7. 59 
7. 09 
9. 87 

10 .63  
10. 63 

7. 34 
3. 04 
1 .01  
3.54 
2. 03  
2. 03 
2.53 
2. 03 

00. oc 
I 

34 



SE 

0.23 
0. 00 
0. 00 
0.23 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 23 
0.23 
0. 00 
0.46 
0.92 
1.61 
3. 00 
1. 61 
1. 84 
0. 92 
0.92 
0.23 
0.23 
0. 23 

SSE S SSW SW WSW W 

0. 00 0. 00 0. 00 0. 46 0. 46 0. 46 
0. 00 0. 23 0. 23 0. 00 0. 00 0. 23 
0. 00 0. 00 0. 23 0. 00 0. 00 0. 46 
0. 00 0.46 0. 23 0. 00 0. 00 0. 00 
0.00 0.00 0.00 0.00 0.00 0.00 
0. 00 0. 23 0. 23 0. 23 0. 23 0. 00 
0. 00 0. 00 0. 23 0. 23 0. 00 0. 00 
0. 00 0. 00 0. 00 0. 23 0. 00 0. 46 
0. 00 0. 23 0. 00 0. 23 0. 00 0. 23 
0. 00 0. 23 0.69 0. 23 0. 00 0. 00 
0.23 0.23 0.23 0 .69  0 .23  0.23 
0. 23 0. 46 0. 00 0. 00 0. 23 0.46 
0. 00 0. 23 0. 2 3  0. 23 0. 92 0. 46 
1.61 0 .00  0.46 0 .23  0.46 1.15 
1.38 0.23 0 .46  0 .69  0 . 4 6  1.38 
1. 15 0. 00 0. 00 0. 23 0.46 0. 92 
1. 38 0. 46 0. 00 0. 00 0. 00 0. 46 
0.92 0. 00 0.23 0. 00 0. 00 0. 00 
0.92 0.46 0.00 0. 00 0. 23 0. 69 
0.92 0.00 0.00 0.00 9.23 0.23 
0.46 0.00 0.00 0.00 0.46 0.46 
0.69 0.23 0.00 0.00 0 .23  0.46 
0.69 0. 92 0. 00 0. 00 0. 00 0. 00 

0. 6 9  
0. 00 
0. 23 
0.23 
0.00 
0.23 
0. 23 
0. 23 
0. 23 
0. 92 
0.46 
0. 00 
0. 00 
0.46 
0.92 
0.00 
0. 23 
0. 00 
0. 23  
0. 00 
0. 00 
0.00 
0.00 
0.46 
5.76 

3. 00 
2. 07 
3. 23 
2. 07 
1. 38  
2. 30 
1. 61 
1. 84 
2. 30 
3. 92 
5. 99 
4. 15 
5. 76 
9. 22 

11. 75 
9.45 
6. 68  
5. 30 
3. 92 
3. 46 
2. 07 
2 .53  
3. 00 
3. 00 

100. 00 

0.00 
0. 23 
0 . 0 0  
0. 23 
0 .00  
0. 46 
0. 23 
0. 23 
0. 23 
0.46 
0. 6 9  
0. 23 
0. 92 
0. 00 
0. 23 
0.00 
0. 23 
0.46 

0.00 
0. 00 
0.00 
0. 46 
0 .00  
0. 23  
0. 00 
0. 23 
0. 23 
0. 92 
0. 92 
0. 23 
0. 6 9  
0. 23  
0. 23 
0.00 
0. 00 
0. 00 

TION 

VNW 

0. 00 
0. 24 
0 .00  

- 
Tota l  

2. 86 
1. 90 
1 .90  

0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0. 24 
0.2’4 
0. 24 
0. 24 
0. 24 

’ 0. 24 
0.00 
0.24 
0.00 
0.00 
0. 00 
0.00 
0. 24 

3. 24 
3.00 
3. 24 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 24 
0. 00 
0 .24  
0.48 
0. 48  

0. 71 
0.48 

0.24 
0.24 

0.00 

0.24 

0. 00 

0.00 

0. 48  

0. 24 0. 48 
0.00 0.00 
0. 24 0. 24 
0.00 0.00 
0. 00 0. 24 
0.48 0. 00 
0. 24 0. 00 
0.00 0.00 
0.00 0.00 
0. 00 0. 00 
0 .48  0. 00 
0.24 it. 24 
0. 00 0.48 
0. 24 0. 71 

0. 24 0. 00 
0.48 0.48 

0.00 0.48 
0.00 0.48 

0.00 0. oa 

0.00 0. oa 

0. 00 0. 24 

0. 00 0. oc 

0. 00 0. OC 

0 .00  
0 .48  
0. 00 
0. 00 
0 .48  
0 .48  
1. 90 
0 .24  

1. 19 
1 .67  
0.48 
1 . 6 7  
3.10 
3. 33 
5 .48  
5 . 4 8  

T A B L E  111. 3. MARCH (434 Observa t ions)  

DIRECTION I 
- 

LST) W W  t Tota l  

- 
N - 

0. 46 
0. 00 
0. 00 
0. 23 
0. 46 
0. 23 
0. 46 
0. 46 
0. 23 
0. 69 
0. 69 
1. 84 
1. 38 
1. 61 
0. 92 
0. 69 
0. 69 
0. 23  
0. 23 
0. 46 
0. 23 
0. 23 
0. 00 
0. 23 

12.67 
- 
- 

- 
NNE 

0.00 
0. 23 
0. 23 
0. 23 
0. 00 
0. 00 
0. 00 
0. 00 
0.00 
0 .00  
0. 6 9  
0. 00 
0.46 
0.69 
0. 92 
0. 23 
0.46 
0. 23 
0.00 
0 .00  
0. 23 
0. 23 
0. 00 
0. 23  
5. 07 

- 

- 
- 

- 
N E  

0.00 
0. 23 
0.69 
0. 00 
0. 00 
0. 23 
0. 00 
0. 23 
0.00 
0. 00 
0. 23 
0. 00 
0. 69 
0.46 
0.00 
0. 46 
0.46 
0. 23 
0. 00 
0.00 
0.00 
0.00 
0. 23 
0.00 
4. 15  

- 

- 
- 

WNW NW E N E  

0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 23 
0. 00 
0. 23 
0. 23 
0. 00 
0. 00 
0. 23 
0. 23 
0. 46 
0. 23 
0.00 
0. 00 
0.00 
0. 00 
0.00 
0.00 
0. 23 

- 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Total  
- 
- 

0. 00 
0.46 
0. 23  
0. 46 
0. 23  
0.00 
0. 00 
0. 00 
0. 00 
0. 23  
0. 6 9  
0. 6 9  
0. 00 
0. 46 
0. 6 9  
0. 46 
0. 23 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 23  
0.00 
5. 07 
- 
- 

0.00 
0. 23 
0. 6 9  
0. 00 
0.46 
0. 6 9  
0. 00 
0. 23 
0. 23 
0. 46 
0.46 
0. 00 
0. 00 
0.00 
0. 23 
0. 00 
0. 23 
0. 00 
0.00 
0. 23  
0. 00 
0. 00 
0. 00 
0. 23 
4. 38  
- 
- 

0.23 I 0 . 4 6 ~ 0 . 0 0 ~ 0 . 2 3 ~ 0 . 4 6 ~ 0 . 0 0 ~ 0 . 2 3  
3. 13 11 1.06 14.61 i 3.691 4. 15 14.61 18.99 

T A B L E  111.4. A P R I L  (420 Observa t ions)  

DIRE( 

0. 24 0. 00 
0. 48 0.24 
0. 24 0. 00 
0. 48  0. 00 
0. 00 0.00 
0.00 0.00 
0.00 0.00 
0. 48  0. 24 
0. 71 0. 24 
0. 24 0. 00 
0. 71 0.24 
0. 95 0.48 
0. 24 0. 24 
0. 71 0. 71 
0. 95 0. 24 
0.48 1. 19 
0. 24 0. 00 
0. 24 0. 24 
0. 00 0. 24 

0.48 0. 00 

0. 00 0. 24 ! 8. 10 4. 5 2  

0 .24  0. oa 

0.00 0. oa 

0.00 0. oa 

- 
N E  

- 
ENE’ 

- 
E W RNW NW s lssw I sw lwsw LS T) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15  
16 
17  
18 
19  
20 
21 
22 
23 

ro ta1  

- 

- 

0. 00 
0. 24 
0.00 
0. 00 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0.24 
0.00 
0. 24 
0.48 
1.43 
0. 71 
1. 19 
0. 24 
0. 00 
0. 24 
0. 00 
0. 00 
0. 24 

0. 24 
5.48 

0. oa 
- 

0.00 
0.00 
0. 00 
0.00 
0. 00 
0.00 
0.00 
0. 71 
0.00 
0.00 
0. 48  
0.00 
0 .48  
0. 24 
0.48 
0. 48  
0. 24 
0. 71 
0. 00 
0.00 
0. 24 
0. 48  
0.00 
0.48 
5. 00 
- 

0. 48 
0. 00 
0. 00 
0. 24 
0. 24 
0. 00 
0. 24 
0.00 
0. 48 
0.95 
0. 48 
0.48 
2. 14 
0. 95 
1.43 
1. 19 
0. 24 
0. 48 
0.00 
0. 00 
0. 24 
0. 24 
0. 24 
0. 24 
0.95 
- 

0. 24 
0. 48 
0. 48 
0. 00 
0. 48 
0.00 
0. 24 
0.24 
0.00 
0. 71 
0. 71 
0.95 
1. 19 
0 .48  
0 .48  
1 .43  
0. 71 
0 .48  
0. 71 
0. 24 
0. 24 
0. 95 
0. 24 
0.24 
1. 90 
- 

0. 24 
0. 00 
0. 24 
0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0. 24 
0. 00 
0. 24 
0. 48 
0. 24 
0. 71 
0. 71 
0.48 
0. 95 
0. 48 
0. 00 
0.00 
0.00 
0. 24 
0. 24 
5.48 
- 

0. 24 
0. 00 
0. 00 
0. 24 
0. 00 
0.00 
0.00 
0. 24 
0.48 
0. 00 
0. 24 

0. 24 
0. 00 
0. 48 
0. 24 
0. 00 
0. 24 
0.00 
0.00 
0.00 
0.00 
0. 48 
0. 00 
3. 81 

n -71 u. ,I 

- 

0. 00 
0. 24 
0. 24 
0. 00 
0. 24 
0. 00 
0. 95 
0. 00 
0. 48  
0. 24 
0. 71 
3.48 
0. 24 
0. 00 
0. 00 
0.00 
0. 24 
0. 00 
0.00 
0. 00 
0.00 
0.00 
0. 48  
0. 00 
4. 52 
- 0. oo lo. oo1 0. oo Io. oa 

4. 29 2. 86 4. 05 1. 90 



TABLE 111.5. M A Y  (434 Obse rva t ions )  

NW 

0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00  
0. 69 
0. 69 
0. 23 
0. 23 
0. 23 
0. 00 
0.46 
0. 23 
0. 23 
0. 00 
0. 23 
0. 23 
0. 23 
0. 00 
0 .00  
0.00 
3. 69 

DIRECTION 
T 

NNW 

0. 23 
0 .00  
0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0. 23 
0. 23 
0. 00 
0. 00 
0. 23 
0.23 
0. 23 
0. 69 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 23 
0 .00  
0 .00  
2. 30 

3OUR 

LST) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
1 3  
14 
15  
16 
17  
18 
19  
20 
21 
22 
23 

To ta l  

0.46 
0.00 
0. 23 
0. 00 
0 .00  
0.00 
0.00 
0.46 
0 . 0 0  
0.46 
0. 46 
0.46 
0. 69 
0.69 
1. 15 
0.46 
0. 23  
0. 00 
0. 00 
0. 23 
0.00 
0.00 
0. 23 

- 
N 

0. 23 
0. 23 
0. 00 
0 .00  
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0.00 
0. 23 
0. 92 
0. 46 
0. 69 
0. 92 
0. 92 
0. 00 
0.46 
0. 23 
0. 23 
0. 00 
0. 23 
0. 00 
0. 00 
5. 76 

- 

- 

0. 46 0.46 
0.00 0.00 
0. 00 0.23 
0. 23 0. 23 
0.00 0.00 
0. 23 0. 23 
0. 00 0. 23 
0. 00 0. 00 
0.00 0.00 
0:OO 0.46 
0. 69 0. 69 
0. 92 0. 46 
0. 46 0. 46 
0.46 0. 92 
0. 92 0. 92 
0.69 0.69 
1. 38 0. 00 
0. 46 0. 69 
0. 23 0. 23 
0. 00 0. 46 
0.00 0. oa 
0.00 0. oa 
0. 00 0. OC 

- 
E 

3. 00 
0. 23 
0. 00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0. 69 
0.00 
0. 23 
0. 00 
0. 46 
0.46 
0. 46 
0.46 
1. 38 
0.46 
1. 38 
1. 15 
0.46 
0. 23 

NNE - 1  NE I ENE 

0. 23 0. 23 
0. 00 0. 46 
0. 23 0. 23 
0.00 0 .00  
0.00 0.00 
0.00 0.00 
0.00 0. 00 
0.00 0.00 
0.00 0 . 0 0  
0. 23 0. 46 
0.00 0.00 
0. 23 0. 23 
0. 23 0. 23 
0. 00 0. 00 
0. 00 0. 00 
0. 23 0. 00 
0. 23 0. 23 
0. 23 0. 00 
0. 00 0. 23 
0.46 0. 23 
0.00 0. 23 
0. 92 0. O C  
0. 00 0. OC 

w 

N 

0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0. 48  
0. 24 
0. 48  
0. 00 
0. 48  
0. 24 
0. 4 8  
0. 00 
0. 24 
0.00 
0. 24 
0. 00 
0. 00 

NNW 

NNE NE 

0. 00 0.00 
0. 00 0.00 
0. 00 0. 24 
0. 00 0 .00  
0. 48  0. 00 
0. 00 0.00 
0. 00 0. 00 
0.00 0.00 
0. 24 0. 00 
0. 00 0. 24 
0. 4 8  0. 48  
0. 4 8  0. 24 
0. 4 8  0. 71 
0. 48  1. 19 
0. 00 0. 71 
0. 48  0. 71 
0. 24 1. 19  
0. 00 0.48 
0. 00 0. 24 
0. 00 0.00 
0. 00 0. 24 
0. 00 0. 24 
0.00 0.00 

ZSE 

3SE 

0. 24 
0. 24 
0 .00  
0 .00  
0.00 
0. 00 
0.00 
0.48 
0. 00 
0. 24 
0. 71 
0.48 
0. 24 
0. 24 
0. 71 
1 . 4 3  
2.62 
1.67 
0.71 
0. 24 
0. 24 
0. 48  
0. 24 
0. 24 
1. 43  

S E  

DIRECT 

S 

0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0.00 
0. 00 
0. 24 
0. 00 
0. 00 
0. 24 
0. 24 
0. 24 
0. 71 
0.71 
0 .48  
0. 71 
0. 71 
0. 48 
0. O C  
0. 24 
0. OC 
0. 24 
5. 24 

SSE I S ISSW I SW 

IN 

ssw 
0. 24 
0. 00 
0 .00  
0. 00 
0. 24 
0. 00 
0.00 
0. 24 
0. 24 
0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0. 71 
0. 00 
0. 24 
0.24 
0.00 
0. 71 
0. 24 
0.00 
0. 24 
0. 24 
3.57 

NSW 

s w  
0. 00 
0. 24 
0.00 
0.00 
0. 00 
0. 24 
0 .00  
0. 00 
0. 00 
0. 24 
0 .00  
0. 24 
0. 24 
0. 48 
0.00 
0.48 
0. 24 
0. 71 
0.00 
0.24 
0. 00 
0.00 
0. 00 
0. 24 
3.57 

WSW 

0. 00 
0. 00 
0. 24 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0. 00 
0. 48  
0.48 
0. 00 
0. 00 
0. 71 
0. 24 
0. 24 
0.00 
0. 00 
0. 24 
0.00 
0.00 
0.00 
2.62 

Total  

3. 23 
1. 84 
1. 38 
0.69 
0. 46 
0. 92 
0. 46 
1. 38 
1. 84 
4. 38 
3. 92 
6 .45  
6. 91 
8. 99 

10 .60  
11. 06 
9 .68  
6. 91 
3. 69 
5 .53  
3.00 
3. 69 
0. 69 
2. 30 

LOO. 00 

w 
0. 24 
0. 24 
0. 00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0 .00  
0. 24 
0. 24 
0. 24 
0. 48 
0. 71 
0. 71 
0. 00 
0. 00 
0. 71 
0.00 
0. 71 
0. 24 
0.00 
0.00 
0.00 
4. 76 

I I 

0. 23 
0.46 
0. 23 
0.00 
0.00 
0.00 
0. 23 
0. '23 
0. 23 
0. 23 
0. 69 
0. 6 9  
0. 23 
1. 84 
1.84 
1 .61  
1. 61 
0. 92 
0 .69  
0. 69 
0. 46 
0.69 
0.23 
0.23 
4. 29 
- 

0. 46 
0. 00 
0. 00 
0.00 
0.00 
0 .00  
0. 00 
0. 00 
0. 00 
0. 23 
0. 46 
0.69 
1. 84 
1. 38 
2. 07 
2. 30 
1. 38 
0. 46 
1. 15 
0.46 
0.00 
0. 69 
0. 00 
0.46 
4. 06 

0.00 
0. 23 
0.00 
0.00 
6 .23  
0. 23 
0.00 
0. 23 
0 .00  
0.46 
0. 23 
1. 15 
0.69 
1.61 
1.61 
2. 30 
3. 23 
2. 07 
0. 23 
0.46 
0. 46 
0.46 
0.00 
0. 46 
6. 36 
- 

0.00 
0.00 
0.00 
0.00 
0. 23 
0. 23 
0.00 
0. 23 
0.00 
0.00 
0.00 
0.00 
0. 23 
0.00 
0.00 
0.00 
0.46 
0. 23 
0.00 
0. 69 
0. 00 
0.00 
0.00 
0. 23 
2.53 
- 

0. 23 
0 . 0 0  
0. 23 
0. 23 
0.00 
0.00 
0.00 
0.00 
0. 23 
0.00 
0. 00 
0. 23 
0. 46 
0. 23 
0.00 
0.00 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0. 23 
2. 07 - 

0. 00 
0. 00 
0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0.00 
0. 23 
0. 00 
0. 23 
0. 00 
0. 46 
0. 00 
0. 00 
0.46 
0. 23 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0.00 
1. 61 
- 
- 

0.00 
0. 23 
0.00 
0.00 
0. 00 
0. 00 
0.00 
0. 23 
0. 23 
0. 23 
0. 00 
0. 00 
0.00 

~ 0 . 4 6  
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0.46 
0. oa 
0. oa 

0. 00 I O .  00 I O .  23 
6.2217. 1417.6C 

I I 

TABLE 111. 6. JUNE (420 Observations) 

- 
'JN W 

- 
E NE 

- 
E 

- 
ESE 

- 
S E  

0. 48 
0. 24 
0. 00 
0.00 
0. 48 
0.00 
0. 24 
0. 00 
0. 48 
0.00 
0. 24 
0.00 
0.48 
2. 14 
3 .33  
3 .33  
2. 14 
3 .33  
1. 19 
0. 24 
0. 48 
0. 95 
0. 00 
0. 00 
9. 76 

- 

- 

- 
WNW 

- 
NW 

0.00 
0.00 
0. 00 
0.00 
0. 00 
0. 24 
0. 00 
0. 48  
0.00 
0. 00 
0. 24 
0.00 
0.48 
0 .00  
0. 48 
0. 00 
0.00 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0. 00 
0. 00 
1.90 

- 

- 
- 

Tota l  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
2 1  
22 

0. 00 
0. 00 
0. 24 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 24 
0. 24 
0. 71 
0. 48  
0. 71 
1. 19 
0. 48  
0.48 
0. 00 
0. 00 
0. 24 
0.00 
0. 00 
0. 00 
0.00 
5. 00 
- 
- 

0. 24 
0.00 
0.00 
0. 48 
0. 24 
0. 00 
0 .00  
0.00 
0.00 
0.00 
0.24 
0. 24 
1. 90 
1.43 
1. 90 
1.67 
1 .67  
0.00 
0. 24 
0. 24 
0. 24 
0. 00 
0. 00 
0.00 
0. 71 
- 

0. 24 
0. 00 
0. 95 
0. 00 
0. 00 
0. 00 
0. 00 
0.00 
0. 24 
0.00 
0. 71 
0. 24 
0. 71 
0.95 
1.43 
1. 6 7  
3.10 
1.67 
0. 71 
0. 24 
0. 24 
0.00 
0.48 
0. 24 
3. 81 
- 
- 

0. 00 
0. 00 
0. 00 
0. 00 
0.00 
0.00 
0.00 
0. 00 
0. 24 
0. 00 
0. 00 
0.00 
0.00 
0. 24 
0. 71 
0.00 
0.95 
0.00 
0.00 
0.00 
0. 00 
0. 24 
0.00 
0.00 
2. 38 
- 
- 

0.00 
0.00 
0. 24 
0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 48  
0 .00  
0 .00  
0. 71 
0. 00 
0.00 
0. 4 8  
0. 24 
0. 00 
0.00 
0. 00 
0.00 
0. 00 
0. 00 
2. 14 
- 
- 

1. 67 
0.95 
1. 90 
0. 48 
1 .43  
0. 48 
0. 24 
1. 19' 
1 .67 
1. 19 
4. 52 
3. 81 
7. 38 
9. 52 

13. 10 
11 .90  
14. 52 
10 .00  
4. 05 
3.33 
2. 38 
2. 14 
0. 95 

0. 00 0. 00 0.00 
.& 

1. 19 
00.00 

23 
Total 

36 



0 . 0 0  
0 .00  
0.00 
0. 23 
0. 23 
0.00 
0. 23 
0. 00 
0.46 
0.69 
0. 23 
0.46 
0. 23 
0. 23 
0 .00  
0. 00 
0.00  
0 . 0 0  

0 . 0 0  0 .00  
0.00 0 .00  
0 . 0 0  0 .00  
0. 00 0.  00 
0.  00 0. 00 
0.23 0. 00 
0. 00 0. 23 
0. 23 0. 00 
0.46 0. 00 
0.69 0.46 
0. 46 0. 00 
0. 00 0. 69 
0. 69 0. 92 
0. 00 0. 23 
0.23 0.00 
0. 23 0. 00 
0.00 0.00  
0.00 0.00 

0. 00 
0 . 0 0  
0. 00 
0.  00 
0. 00 
0 .00  
0.  0 0  
0. 00 
0. 23 
0. 00 
0. 46 
0. 23 
0.23 
1. 38 
0. 46 
0. 23 
0. 46 
0. 00 

0. 23 
0.00 
0.00 
0 . 0 0  
0. 00 
4. 15 

0.23 

0. 23 0. 00 
0 . 0 0  0 . 0 0  
0. 00 0. 0 0  
0. 00 0.00 
0. 00 0. 23 
0.00 0.00 
0. 23 0. 00  
0. 23 0.46 
0. 23 0. 00 
0. 23 0. 23 
0. 00 0. 00 
0.00 0. 00 
0.69 0. 23 
0. 23 0. 00 
0. 00 0. 23 
0. 46 0. 46 
0. 69 0. 46 
0.23 0.23 

0. 00 0. 00 
0 . 0 0  0 . 0 0  
0 .00  0.00 
0.00 0.00 
0.46 0. 23 
3. 92 2. 76 

0.00 0. oa 

TABLE 111. 7. JULY (434 Observa t ions)  

I 
- 

[LST) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Total  

- 

- 

- 
NNE 

0. 00 
0. 00 
0.00 
0. 00  
0. 00 
0. 23 
0. 00 
0. 23 
0.00 
0. 00 
0. 23 
0. 6 9  
0.00 
0. 00 
0. 23 
0.00 
0.46 
0. 00 
0.00 
0. 00 
0. 00 
0.00 
0.00 
c. 00 
2. 07 

- 

- 

LEG': 

SSE 

- :ON 

S 

0.00  
0.00 
0. 0 0  
0 . 0 0  
0.00 
0. 00 
0. 00 
0. 23 
0. 23 
0. 00 
0.46 
0. 23  
0. 23 
0. 00 
0.00 
0. 69 
0. 92 
0. 46 
0. 6 9  
0. 46 
0.00 
0. 00 
0. 23 
0. 46 
5. 30 

- 
- 

- 

- 
sw 

0.00  
0.00 
0. 23 
0. 23 
0. 0 0  
0.00 
0 . 0 0  
0.00 
0 .00  
0. 23 
0. 23 
1. 15 
0.00 
0.46 
0.46 
0. 69 
0. 69 
0. 69 
0.46 
0. 00 
0. 00 
0.46 
0.00 
0.00 
5. 99 

- 

- 

D1 - 
SE 

- 
N 

0. 00 
0. 00 
0. 00  
0.00 
0. 00 
0. 00 
0. 00 
0.00 
0. 46 
0. 00 
0. 00 
0. 00 
0. 23 
0. 23 
0. 46 
0. 6 9  
0. 00 
0. 00 
0. 23 
0. 00 
0. 00  
0. 00 
0. 00 
0. GO 
2. 30 

- 

- 
- 

- 
NE 

0.00 
0. 00 
0.00 
0.00 
0. 00 
0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0. 23 
0. 23 
0.00 
0. 23 
0. 92 
0.46 
0. 00 
0. 23 
0.00 
0.00 
0. 00 
0. 23 
0.00 

- 
- 
E N E  

0.00 
0. 00  
0. 00 
0. 00 
0.00 
0. 0 0  
0. 00  
0 .00  
0. 00 
0. 00 
0.00 
0. 23  
0. 23 
1. 15  
1. 38 
0. 00 
0.00 
0.00 
0.00 
0. 23 
0.00 
0.23 
0. 23 

- 
- 

E 

- 
ESE 

0.46 
0.00 
0.00 
0. 23 
0. 00 
0. 00 
0.00 
0. 23 
0. 23 
0. 23 
0.46 
0. 69 
0. 23 
2.30 
2. 76 
3. 23 
2. 76 
2. 07 
0.46 
0. 23 
0. 00 
0. 00 
0.00 
0.69 
7. 28 

- 

- 

- 
ssw 
0. 23 
0. 00 
0. 0 0  
0. 00 
0. GO 
0. 00 
0 . 0 0  
0. 00 
0. 00 
0. 00 
0. 00 
0. 46 
0. 23 
0. 46 
0. 00 
0. 23 
0. 69 
0. 46 
0.00 
0. 46 
0. 00 
0. 23 
0. 00 
0. 23 
3. 69 

- 

- 
- 

- 
NSW 

0. 00 
0.23 
0. 00 
0. 00 
0. 23 
0. 23 
0.00 
0.00 
0. 23 
0. 00 
0.00 
0.00 
0. 23 
0.46 
0. 23 
0. 69 
0.00 
0. 92 
0. 69 
0.00 
0. 23 
0. 00 
0. 00 
0. 00 

- 

4.38 - 

UN W 

0. 23 
0.00 
0.00 
0. 00 
0 .00  
0 . 0 0  
0. 00 
0 .00  
0. 00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0. 23 
0. 23 
0.23 
0. 23 
0.00 
0. 23 
0.00 
0.00 
0.00 

- Tota l  

1. 15 
1. 38 
0. 46 
0. 69 
0.46 
0. 46 
0. 46 
0 .69  
1. 84 
J .  38 
2. 76 
5 . 9 9  
4. 38 

10.37 
16. 13 
15.44 
11 .52  
11.75 

5.53 
3.00 
0 . 6 9  
1. 38 
0.69 
1. 38 

0 0 . 0 0  

0.00 
0. 46 
0.00 
0 .00  
0.00 
0. 00 
0. 46 
0. 00 
0. 00 
0. 23 
0.00 
1. 15 
0. 92 
1. 38 
3. 69 
2. 07 
0.69 
0. 23 
0. 46 
0. 23 
0. 00 
0. 00 
0. 00 
0. 00 
1. 98 

0.00 
0.00 
0. 23  
0. 23  
0 .23  
0. 00 
0.00 
0. 00 
0.46 
0. 23  
0. 6 9  
0.23 
0. 92 
1.61 
3.00 
4. 38  
3. 23  
3. 46 
1. 84  
0. 23  
0. 00 
0. 23  
0. 23  
0 .00  
!l. 43  
- 

0.00 
0.69 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0. 23 
0. 23 
0.46 
0. 92 
1. 15 
0. 92 
1. 38 
0.69 
1. 15 
0. 23 
0.69 
0. 23 
0. 00 
0. 0 0  
0, 00 
m 

0.00 
1. 38 
- c. 00 

2 .53  
- 0.00 

3.69 
- 

, 

T A B L E  111.8. AUGUST (434 Observa t ions)  - 

(LST) - 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
1 3  
14 
15 
16 
17 
1 8  
19  
20 
21 
22 
23 

Total  - 

[ON 

S 

0. 00  
0. 0.0 
0. 0 0  
0. 00 
0. 23 
0. 00 
0. 0 0  
0. 00  
0. 00 
0. 46 
0 .00  
0. 69 
1. 38 
0. 00 
0. 69 
0. 00 
0. 23 
1. 15  
0. 92 
0. 46 
0. 23 
0. 00 
0 .00  
0. 46 
6. 91 

- 

- 

- 
- 

- 
ssw 

- 
VNW 

0. 0 0  
0. 0 0  
0. 0 0  
0. 00 
0. 00  
0. 0 0  
0. 0 0  
0. 00 
0. 00 
0. 23 
0. 00 
0.00 
0 . 0 0  
0. 00 
0. 23 
0. 46 
0. 00 
0.46 
0. 23 
0.  23 
0. 00 
0.00  
0. 00 
0. 00 
1. 84 

- 

- 
- 

D: - 
SE 

0. 00  
0. 00 
0. 00  
0. 00  
0. 00  
0. 00 
0. 0 0  
0. 00 
0. 00 
0. 00 
0. 46 
0. 46 
1. 84 
1. 61 
1. 38 
2. 30 
2. 30 
0. 92 
0. 69 
0. 00 
0. 46 
0. 00 
0. 46 
0. 00 

.2. 90 

- 

- 
- 

LEC' 

SSE 

0. 00 
0. 46 
0. 00 
0. 23 
0. 00 
0. 0 0  
0. 00 
0. 00 
0. 0 0  
0. 00 
0. 69 
0. 23 
0. 23 
0. 46 
0. 00 
0. 46 
1. 38 
1. 61 
0. 46 
0. 69 
0. 00 
0. 23 
0. 00 
0. 00 
7.  14 

- 

- 

- 
- 

- 
N 

0.00 
0.  00  
0 . 0 0  
0. 00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0. 23 
0.00 
0.00 
0. 46 
0.00 
0 . 6 9  
0. 23 
0. 46 
0.46 
0. 00 
0. 46 
0.00 
0 .00  
0. 00 
3 .00  

- 

- 
- 

- 
NNE 

0. 0 0  
0.00 
0. 00 
0.00 
0. 23 
0.00 
0.00 
0.00 
0. 00 
0.00 
0. 23 
0.46 
0. 6 9  
1. 15 
0. 23 
0.46 
0. 23 
0.00 
0.00 
0.00 
0. 0 0  
0.00 
0. 00 
0.00 
3.69 

- 

- 
- 

- 
NE 

0. 0 0  
0. 00 
0. 00 
0. 23 
0.00 
0.00 
0. 00 
0.00 
0.00 
0. 23  
0.69 
1. 15 
1. 15 
1. 84 
1. 38 
0. 92 
0. 46 
0.46 
0. 23  
0. 46 
0. 00 
0. 23  
0.00 
0. 00 
9 .45  

- 

- 
- 

- 
ENE 

0. 00 
0. 23 
0 .00  
0.00 
0.00 
0. 00 
0.00 
0.00 
0 . 2 3  
0. 23  
0. ou 
0. 6 9  
0. 69 
0. 92 
1.61 
0.46 
0. 23 
0. 46 
0. 23 
0. 23 
0. 23 
0. 23 
0. 00 

6. 68 

- 

- 

- 
E - 

0. 23 
0. 46 
0. 00 
0. 23 
0. 00 
0. 0 0  
0. 00 
0. 23 
0. 23 
0.46 
0. 69 
1. 38 
0. 69 
2. 07 
2 .53  
3.46 
2 . 5 3  
0. 92 
0.46 
0 .00  
0. 23 
0. 23 
0. 23 
0.00 
7. 28 
- 
- 

- 
ESE 

0 .00  
0 .00  
0.00 
0.00 
0.00 
0.00 
0. 23 
0.46 
0. 23 
0 .00  
0.46 
0.23 
0.69 
1. 6 1  
2. 30 
2.07 
1. 15  
0. 92 
0. 23 
0. 23 
0.46 
0.00 
0.00 
0.00 
1. 29 

- 

- 
- 

- 
s w  

0 . 0 0  
0 .00  
0.  00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0. 00 
0 .00  
0 .00  
0. 23 
0. 69 
0. 46 
0. 23 
1. 15 
0.00 
0. 92 
0. 23 
0. 23 
0. 23 
0 .00  
0. 00 
4. 38 

- 

__ 

N S W  

0. 00 
0 . 0 0  
0. 00 
0. 00 
0. 23 
0. 00 
0. 00 
0.  00 
0 .00  
0. 00 
0. 00 
0. 00 
0. 69 
0. 00 
0. 46 
0. 00 
0.46 
0. 00 
0. 23 
0. 00 
0. 23 
0. 23 
0. 00 
0. 00 
2.53 

- 

_I 

W IWNW/ NW Tota l  

0. 00 
0. 46 
0. 00 
0.00 
0.00  
0 . 0 0  
0 .00  
0.00 
0. 23 
0. 00 
0 .00  
0. 00 
0. 00 
0. 23 
0. 00 
0. 46 
0. 23 
0.00 
0.00 
0. 23 
0. 23 
0. 00 
0. 00 
0. 00 
2. 07 
- 
- 

0. 46 
1.61 
0.00 
0. 69 
0. 92 
0 .00  
0. 46 
1. 38 
1. 38 
2. 07 
3.92 
5 .53  
9 .45  

12 .67  
11.98 
13.13 
12.21 

7. 8 3  
5. 30 
3. 00 
2. 76 
1.  38 
0. 6 9  
1. 15  

00 .00  
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NE 

0.00 
0.48 
0. 00 
0.48 
0. 48 
0.48 
0.00 
0. 24 
0. 24 
0. 00 
0. 24 
1. 19 
1. 19 
1.43 
1.43 
0. 71 
0.48 
0. 24 
0.48 
0. 48 
0. 00 
0.48 
0. 00 
0.48 
1. 19 

E N E  

0.95 
0. 71 
0. 24 
0. 00 
0.48 
0. 24 
0.00 
0. 00 
0. 71 
0. 24 
0. 48 
0.48 
0. 95 
0.95 
0. 24 
0. 24 
0. 71 
0. 24 
0. 24 
0. 00 
0. 24 
0. 00 
0. 24 
0. 24 
8.81 

N 

0.24 
0.00 
0.00 
0.00 
0.24 
0.00 
0.00 
0.00 
0.00 
0.24 
0. 24 
0. 00 
0. 71 
1.67 
0. 71 
1. 19 
0. 24 
0. 71 
0. 71 
0. 24 
0.00 
0.00 
0. 00 
0.00 
7. 14 

NNE 

0.00 
0.00 
0.00 
0.24 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.24 
0. 00 
0.24 
0. 95 
0.48 
0.48 
0.48 
0. 48 
0. 00 
0. 00 
0. 71 
0. 24 
0.00 
0. 24 
0.00 
4. 76 

S E  

0. 71 
0.48 
0.00 
0. 24 
0.00 
0.00 
0. 24 
0.00 
0.00 
0. 24 
0. 71 

0.95 
1.43 

0. 00 
1. 19 
0. 48 
0. 71 

0.48 

I. 19 

0. 71 
0.00 
0. 71. 
0. 71 
0. 24 
1.43 

SSE 

0. 00 
0. 00 
0.00 
0. 24 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.24 
0.24 

0.24 
0. 24 

0.48 
0.95 
0. 95 
0.48 

0.24 

0.48 

0.48 
0.48 
0. 24 
0.24 
0.00 
6. 19 

0. 00 
0. 00 
0. 24 
0. 24 
0.00 
0.00 
0.00 
0. 00 
0. 00 
0.00 
0. 00 

0. 24 
0. 24 
0. 24 
0.48 
0. 24 
0. 24 
0. 00 

0.24 

0.00 
0.00 

0.00 
0. 48 

~ ~~ 

0. 24 0. 24 0. 00 0. 00 
0. 00 0. 00 0. 24 0. 00 
0. 00 0. 00 0. 00 0. 00 
0. 00 0. 00 0. 00 0. 00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0. 00 0. 24 0. 00 0. 00 
0.00 0. 00 0.00 0. 00 
0.00 0.00 0.00 0.00 
0. 00 0. 24 0. 00 0. 24 

0. 48 0. 24 0. 24 0. 00 
0. 00 0. 71 0. 00 0. 00 
0. 24 0.48 0. 24 0.24 
0.24 0. 24 0.24 0.00 
0.00 0. 24 0. 00 0.24 
0. 00 0. 24 0. 24 0. 24 
0. 24 0. 00 0. 00 0. 00 

0.00 0.24 0.00 0. oa 

0.00 0.24 0.00 0. oa 
0.00 0.24 0.00 0. oa 

0.00 0.00 0.00 0. oa 
0. 24 0. 00 0. 00 0. 24 

N 

0.00 
0. 00 
0.23 
0.46 
0. 46 
0.00 
0.00 
0.69 
0. 23 
0. 23 
0. 23 
1. 15 
1.61 
2. 30 
1. 15 
1.84 
1. 15 
0.46 
0.23 
0. 00 
0.46 
0.23 
0.00 
0.23 
3.36 

NNE 

0. 23 
0. 23 
0. 23 
0. 00 
0. 00 
0.23 
0.00 
0. 23 
0. 23 
0.46 
0. 92 
0.92 
1. 15 
0.69 
0.69 
1.61 
0.46 
0.69 
0. 23 
0. 23 
0.23 
0.46 
0.00 
0. 00 
10. 14 

s w  
0.00 
0.00 
0.23 
0. 23 
0. 00 
0. 00 
0.00 
0.00 
0.23 
0. 23 
0.00 
0.00 
0.46 
0.23 
0.00 
0.46 
0. 23 
0. 00 
0. 23 
0.00 
0. 23 
0.00 
0.00 
0.00 
2.76 

wsw 
0.00 
0. 00 
0. 23 
0. 00 
0.00 
0. 23 
0.00 
0.00 
0.00 
0.00 
0.00 
0.23 
0.46 
0.23 
0.00 
0.23 
0. 00 
0. 23 
0. 00 
0.00 
0. 00 
0.00 
0.00 
0.00 
1.84 

YNW 

3. 00 
3. 00 
3. 00 
3. 00 
D. 00 
3.00 
0.00 
0. 00 
3.00 
0. 23 
0. 00 
0.46 
0.46 
0. 69 

0. 23 
0.00 
0. 00 
0. 23 
0.23 
0. 23 
0.00 
0.00 

0. 23 

NW NNW 

0. 92 0. 46 
0. 46 0. 00 
0. 23 0.46 
0. 00 0. 23 
0. 00 0. 46 
0.00 0.00 
0.00 0.00 
0.46 0. 23 
0.00 0.00 
0. 46 0. 23 
0. 23 0. 46 
0.69 0.46 
0. 46 0. 46 
0.46 0.46 

0. 23 0.69 
0.00 0. oc 
0. 00 0.46 
0. 00 0. OC 
0.23 0.46 
0. 00 0. OC 
0.00 0. oc 
0.23 0. OC 

0.00 0. oa 

0. 46 
1. 38 
0. 23 
0. 23 
0. 00 
0. 46 
0. 00 
0. 46 
0. 23 
0. 23 
1. 15 
0. 23 
0. 69 
0. 92 
0. 92 
1. 15 
0. 92 
0.46 
0. 23 
0.46 
0. 23 
0. 69 
0.46 

1. 38 0.23 
0. 23 0. 00 
0. 00 0. 00 
0.00 0. 00 
0. 23 0. 00 
0. 00 0. 23 
0.69 0. 00 
0. 23 0. 00 
0. 00 0. 00 
0. 23 0. 23 
0. 23 0. 00 
0. 23 0. 00 
0. 00 0. 23 
0. 46 0. 00 
0. 00 0.69 
0.46 0.23 
0. 46 0. 46 
0.46 0.46 
0. 23 0. 23 
0.23 0.23 
0. 00 0. 00 
0.46 0. 46 
0.23 0. oa 

TABLE 111.9. S E P T E M B E R  (420 Observa t ions )  
- 

:LST) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

22 
23 

Tota l  

- 

2i 

- 
- 

DIRECTION 
I - 

E 

- 
ESE 

- 
ssw 
0. 00 
0.00 
0.00 
0. 24 
0. 24 
0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0.00 
0.00 
0. 48 
0.00 
0. 24 
0.00 
0. 00 
0. 24 
0. 24 
0. 24 
0.00 
0.00 
0.24 
2. 14 

- 

- 
- 

S 

0. 24 
0. 24 
0. 00 
0. 48 
0.00 
0.00 
0. 00 
0. 24 
0.00 
0.00 
0.48 
0.00 
0.00 
0. 24 
0. 95 

0. 71 
0. 24 
0.00 
0.00 
0.00 
0. 00 
0.00 
0. 24 
4.52 

- 

0.48 

- 
- 

SW I I I I I  WSW W WNW NW NNW Tota l  

0. 48 
0. 95 
0. 48 
0. 24 
0.00 
0. 00 
0. 24 
0. 48 
0. 48 
0.48 
0. 95 
0. 71 
0. 71 
2. 14 
1. 90 
2. 14 
1. 90 
0. 95 
0. 24 
0. 71 
0.95 
0. 48 
0. 71 
0. 24 
8. 57 
- 
- 

0.48 
0.95 
0. 00 
0. 24 
0. 48 
0.00 
0.00 
0. 71 
0. 24 
0.48 
0. 24 
0. 48 
1. 19 
1. 19 
1. 19 
1. 19 
0.95 
0. 71 
0. 24 
0. 48 
0. 00 
0.48 
0. 24 
0. 48 
.2.62 - 

0.00 
0.00 
0. 24 
0. 00 
0. 00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0. 00 
0. 24 
0.24 
0. 24 

0.24 
0.00 
0. 00 
0.00 

0.48 

0. oa 
0. oa 
0.48 
0. oa 

3. 57 
4. 05 
1. 19 
2. 62 
1. 90 
0.71 
0. 48 
1. 90 
1.67 
2. 14 
4. 05 
4. 52 
8. 33 
11.43 
10.48 
8. 57 
8. 33 
5. 48 
3. 57 
4. 29 

3. 81 

2. 14 
00.00 

2. 3a 

2. 3a 
0. o o l  0. oo Io. oo Io. oo Io. oo1 0. oa 
2. 861 1.6713. 571 1. 1911. 1912. 14 

T A B L E  111. 10. OCTOBER (434 Observations) 

<OUR 

LS T) 

- 
- 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Total 
- 
- 

DIRECT - - 
NE S 

0. 00 
0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 23 
0.00 
0. 23 
0. 69 
0. 00 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0. 23 
1. 38 

- 

- 
- 

3 s w  

0.00 
0. 00 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.69 
0. 23 
0.00 
0. 00 
0.00 
0. 23 
0.00 
0.00 
0.23 
0.00 
0.00 
0.00 
0.00 
0.46 
1.84 

- 

- 
- 

w ENE E I E S E  I SE SSE Total 

4. 84 
2.53 
2.53 
1.61 
1. 61 
1. 84 
2. 07 
2.76 
1.61 
3.92 
5. 30 
7. 14 
8. 06 
9.68 
5. 30 
9.68 
5.53 
4. 38 
3.23 
3. 23 
2. 30 
4. 15 
3. 23 
3.46 

100.00 

0.46 
0. 00 
0. 23 
0.00 
0. 00 
0. 23 
0. 92 
0.00 
0. 46 
0. 92 
0.69 
1. 15 
1. 15 
0. 92 
0.92 
0. 92 
0. 92 
0.46 
0. 46 
0. 23 
0.23 
0.69 
0.92 
0.46 
3. 36 
- 
- 

0.46 
0. 23 
0. 23 
0. 23 
0. 23 
0.46 
0.46 
0. 00 
0. 23 
0.46 
0. 00 
0.46 
0.69 
0.69 
0. 23 
0. 92 
0. 46 
0.00 
0. 46 
0. 69 
0. 23 
0. 92 
0. 23 

0. 23 
0. 00 
0. 23 
0. 00 
0. 00 
0. 00 

lo.oo 
IO. 46 
0.00 

lo. 00 
lo. 00 
0. 23 
0.00 
~0.46 
0. 00 
10.23 
10. 23 
0.46 
0.46 
IO. 23 
0. 46 
0. 00 
10.92 

3. 00 
D. 00 
3. 00 
0. 23 
0. 23 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 46 
0. 69 
0. 00 
0.46 
0. 46 
0. 23 
0. 23 
0. 23 
0.00 
0.00 
0.00 
0. 23 
0. 23 
0. 00 
3.69 
- - 

, 

0.23 I 1. 151 0.69 lO.OOlO.00 
9.22113.3617.1413.6914.61 
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NOVEMBER (420 Observat ions)  

NW 

0.24 
0 .48  
0. 24 
0. 00 
0. 71 
0. 24 
0. 48 
0 .48  
0. 00 
1. 19 
0. 48 
1 .43  
0. 24 
0.95 
0.24 
0. 48 
0 .48  
0. 00 
0. 24 
0. 24 
0. 24 
0.00 
0. 24 
0. 45 
9. 76 

T A B L E  111. 11. 

- 
NNW 

0.24 
0 .24  
0. 00 
0 .48  
1. 19  
0. 24 
0. 24 
0.48 
0. 24 
0 .48  
0. 24 
1. 19  
0.48 
0 .95  
1. 19  
0.48 
0. 24 
0.48 
0. 24 
0. 00 
0. 00 
0.00 
0. 00 
0.24 
9.52 

- 
IOUR 

LS T) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

- 

- 

- Total 

0.00 
0. 00 
0. 00 
0.48 
0. 24 
0 . 0 0  
0.24 
0. 24 
0. 24 
0. 00 
0.00 
0.00 
0. 24 
0. 00 
0.00 
0.00 
0.00 
0. 24 
0. 00 
2. 38 

- 
REC 

SSE 

0. 24 
0. 00 
0.00 
0. 24 
0.24 
0.24 
0. 24 
0 .00  
0. 24 
0. 24 
0.24 
0.00 
0.00 
0.24 
0.71 
0.24 
0. 24 
0.24 
0.00 
0.00 
0.00 
0.00 
0.24 
0.48 
4. 29 

- 
- 

- 
- 

0 . 0 0  
0. 24 
0. 24 
0. 00 
0. 00 
0.00 
0. 00 
0. 71 
0. 24 
0. 24 
0.00 
0. 00 
0. 00 
0. 24 
0.00 
0 .00  
0. 00 
0. 00 
0. 24 
2. 62 

- - 
Total 

5 .00 
3. 81 
1. 90 
2. 62 
3. 81 
2. 62 
2. 86 
2. 62 
3. 33 
5.00 
4. 76 
7. 86 
7. 38 
8.57 
7. 62 
5. 71 
5. 48 
2. 38 
2. 38 
1.43 
2.62 
2. 14 
3. 81 
4. 29 

00.00 

0. 24 
3.48 
0. 00 
0. 24 
0. 00 
0. 24 
0. 48 
0. 71 
0.00 
0.48 
0. 48 
0. 48 
0. 00 
0. 00 
0. 00 
0. 24 
0. 00 
0. 24 
0. 00 
5.24 

ION 

0. 00 
0.00 
0. 24 
0. 00 
0.00 
0.48 
0.48 
0. 24 
0.00 
0. 24 
0. 48 
0. 00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0. 00 
0.48 
3.57 

u - 
S E  

0.46 
0. 00 
0. 00 
0. 23 
0.00 
0. 00 
0.00 
0. 23 
0. 23 
0.46 
0.23 
0. 23 
0. 23 
0. 23 
0.00 
2. 07 
0.69 
0.46 
0.23 
0. 00 
0.23 
0. 00 
0. 00 

0. 00 0. 00 
0. 46 0. 00 
0. 23 0. 46 
0. 00 0. 23 
0.00 0.00 
0.23 0. 00 
0.00 0.00 
0. 00 0. 23 
0. 23 0. 00 
0. 00 0. 23 
0.69 0.46 
0.23 0.23 
0. 23 0. 92 
0. 23 0. 69 
0.46 0.46 
0. 00 0. 23 
0.23 0.00 
0.00 0. 23 
0.00 0.69 
0. 23 0. 23 
0.00 0. O C  
0.00 0.23 
0. 00 0.46 

0. 23 
0. 23 
0. 23 
0. 23 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0.46 
0.23 
0.00 
0.46 
0.69 
0. 23 
0.46 
0. 00 
0.00 
0.00 
0.00 
0. 00 
0. 00 
0. 23 
0.23 
3.92 

0. 23 0. 69 
0. 00 0. 23 
0. 23 0.46 
0. 00 0. 00 
0. 00 0.00 
0. 00 0. 23 
0. 00 0. 23 
0. 00 0. 23 
0.46 0. 00 
0. 00 0. 92 
0. 00 0. 00 
0.46 0. 00 
0. 00 0. 00 
0. 00 0. 92 
0. 00 0.46 
0.46 0. 23 
0. 23 0. 23 
0 .00  0.00 
0.00 0.00 
0.00 0.00 
0. 23 0. 23 
0. 00 0. 69 
0. 00 0. 92 
0.46 0. 00 
2.76 6.68 

- 
NE 

0. 48 
0. 00 
0. 24 
0. 2.1 
0. 00 
0. 24 
0. 48 
0. 00 
0. 48 
0. 48  
0.00 
0. 95 
0.95 
0. 71 
0. 00 
0. 48 
0.95 
0. 00 
0. 00 
0.00 
0. 24 
0. 24 
0. 24 
0. 24 
7. 62 

- 

- 
- 

- 
E 

- 
NNE 

0. 71 
0. 24 
0. 00 
0. 00 
0. 48 
0.48 
0. 00 
0. 24 
0. 24 
0. 24 
0. 71 
0. 24 
0. 24 
0. 48 
0.48 
0. 48 
0. 00 
0.00 
0. 00 
0. 24 
0.00 
0. 00 
0. 00 

- N - 
0 . 4 8  
0 .00  
0 .00  
0.75 
0. 00 
0 .00  
0. 24 
0. 00 
0. 48 
0. 24 
0. 24 
0. 48 
1.43 
1. 90 
2. 14 
0. 71 
1.67 
0. 24 
0.48 
0. 24 
0. 24 
0. oc 
0.00 

ENE 

0. 71 
0. 95 
0. 00 
0. 00 
0. 00 
0. 24 
0. 00 
0. 00 
0. 24 
0. 00 
0. 48 
0. 48 
0. 48 
0. 48 
0. 00 
0.95 
0. 24 
0. 48 
0. 00 
0. 00 
0. 00 
0. 24 
0. 24 

- ESE S 

0. 24 
0. 24 
0 .00  
0.00 
0.00 
0. 00 
0.24 
0. 00 
0. 00 
0.00 
0. 24 
0. 24 
0. 48  
0.00 
0. 24 
0.24 
0.00 
0. 24 
0.00 
0. 24 
0 .48  
0. 24 
0.48 
0. 24 
4 .05  

- 

- 
- 

ssw 
0.00 
0. 00 
0. 00 
0.00 
0. 24 
0. 00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0. 71 
0.48 
0. 24 
0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 24 
0. 00 
0. 24 
0. 00 
2. 14  

- 

- 
- 

0. 71 
0. 24 
0. 00 
0. 00 
0. 24 
0. 24 
0.00 
0. 48 
0.48 
0. 71 
0.95 
0. 71 
0. 24 
0. 71 
0.48 
0.00 
0.24 
0.48 
0.48 
0.48 
0.48 
0. 71 
0.95 

0. 24 
0. 48 
0. 24 
0. 24 
0.00 
0. 24 
0.00 
0. 24 
0.00 
0.95 
0. 24 
0.00 
0.24 
0. 71 
0 .48  
0. 71 
0 .48  
0.00 
0. 24 
0.00 
0. 24 
0.48 
0. 48 
0.00 
6. 90 
- 
- 

0.48 
0. 24 
0. 24 
0. 24 
0 .00  
0. 24 
0. 24 
0. 24 
0. 24 
0. 24 
0. 24 
0. 24 
0. 24 
0. 71 
0. 71 
0.00 
0.48 
0. 00 
0 .48  
0. 00 
0. 24 
0. 24 
0. 24 
0.48 
6. 67 
- 
- 

. 

0. 71 0. 48 
6.  67 
- 
- 

0. 24 
10.24 
- 
- 

T A B L E  111.12. DECEMBER (434 Observa t ions)  

DIRECTION 
- 
3OUR 

LS T) 

- 
N - 

0. 46 
0. 69 
0. 69 
1. 38 
0. 46 
0. 46 
0. 46 
0. 23 
0. 00 
0. 46 
0. 92 
1. 38 
1. 61 
1. 15 
1 .  61 
1. 61 
0. 23 
0. 46 
0. 00 
0.46 
0. 00 
0. 46 
0.00 
0. 23 
5.44 
- 
- 

NNE S E  SSE 

0. 00 
0. 00 
0.23 
0. 00 
0. 00 
0.00 
0.00 
0.00 
0. 23 
0.00 
0.69 
0.23 
0.69 
0.46 
0.69 
0.46 
0. 69 
0.46 
0.46 
0.00 
0.23 
0.23 
0.00 
0.00 
5.76 

- 

- 
- 

S ssw s w  
0.00 
0.00 
0.00 
0. 00 
0.23 
0. 00 
0. 00 
0.00 
0.00 
0.00 
0. 00 
1 .  15 
0.46 
0. 2 3  
0. 23 
0. 00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0. 00 
0. 92 
3. 23  

- 

__ 
- 

NSW I I  W WNW NW Total  

3.69 
2. 76 
4. 15 
3.46 
2. 30 
2. 07 
2. 07 
1 .  38 

5. 07 
8.66 
8. 06 
8. 53  
8. 06 
6. 22 
7. 83 
4. 84 
2. 07 
2 . 5 3  
1. 15 
1. 61 
3. 23 
3. 23 
3. 23 

00.00 

4.38  

39 

0 
1 
2 
3 
4 
5 
6 
7 
8 
5, 

10 
11 
12 
1 3  
14 
15 
16 
17  
18 
19  
20 
21 
22 
23 

Total - 

0. 00 
0. 23 
0. 23 
0. 00 
0. 23 
0. 00 
0.00 
0. 00 
0. 23 
0.00 
0.46 
0.46 
0.46 
0. 23 
0.46 
0. 23 
1.15 
0.00 
0.46 
0.00 
0.00 
0.00 
0. 00 
0. 00 
4.84 - 

0. 46 
0. 23 
0.00 
0.00 
0.00 
0.00 
0.23 
0. 00 
0. 23 
0.46 
0.69 
0.00 
0.00 
0. 23 
0.46 
0. 23 
0.46 
0.00 
0.00 
0.00 
0.00 
0.00 
0.46 

0. 23 
0.00 
0.00 
0. 23 
0.00 
0.00 
0.00 
0.00 
0. 2 3  
0.00 
0.46 
0.69 
0.46 
0.00 
0. 2 3  
0.46 
0.23 
0.00 
0.00 
0.00 
0. 2 3  
0.69 
0.00 
0.00 
4.15 
- 
- 

0. 00 
0. 23 
0. 23 
0. 00 
0. 23 
0. 23 
0. 00 
0. 00 
0. 23 
0. 00 
0. 92 
0.46 
0. 00 
0. 23 
0. 00 
0. 69 
0. 23 
0. 00 
0. 23 
0. 00 
0.00 
0 . 4 6  
0. 23 
0.46 
5 .07  
- 
- 

0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0. 23 
0.69 
0. 23 
0.46 
0.69 
0. 23 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.46 
0. 23 
0.23 
3.46 

~ 

- 

0. 46 
0.46 
0.46 
0. 69 
0.92 
0. 69 
0.69 
0.00 
1.38 
1. 38 
0.46 
1. 38 
0.46 
0. 92 
0.23 
0.00 
0. 00 
0.00 
0.23 
0.00 
0. 23 
0.00 
0.46 
0. 23 
1.75 
- 
- 

0. 46 
0.00 
0. 6 9  
0.46 
0. 23  
0. 23 
0. 46 
0.46 
0. 92 
0. 46 
1 .  i5 
0. 92 
2. 07 
1. 15 
0.46 
0. 69 
0.46 
0.46 
0.23 
0. 23 
0. 23 
0.00 
0. 23 
0.00 
12.67 - 



NNE 

0. 00 
0. 08 
0. 16 
0. 00 
0. 08 
0. 00 
0.00 
0. 08 
0. 08 
0. 00 
0. 32 
0.48 
0. 63 
0.48 
0.63 
0. 40 
0.79 
0. 24 
0. 16 
0.00 
0. 16 
0. 08 
0.00 

4. 83 
0.00 

NE 

0.40 
0. 00 
0. 16 
0. 24 
0. 08 
0. 16 
0. 08 
0. 24 
0. 08 
0. 16 
0. 08 
0. 32 
0. 79 
0. 16 
0. 24 
0. 8 7  
0.55 
0. 3 2  
0. 16  
0.00 
0. 08 
0. 00 
0.00 

5. 1 5  
0. oa 

S E  

0. 24 
0. 16 
0.08 
0. 08 
0. 00 
0. 08 
0. 00 
0. 16 
0. 16 
0. 00 
0.40 
0.40 
0.40 
0.63 
0. 79 
1. 50 
0. 71 
0.48 
0. 24 
0. 32 
0. 16 
0. 32 
0. 24 

SSE S 

0. 16 0. 24 
0. 08 0. 16 
0. 16 0. 16 
0. 00 0. 08 
0. 00 0. 08 
0. 00 0. 08 
0. 00 0. 08 
0. 08 0. 00 
0. 08 0. 08 
0. 08 0. 08 
0. 32 0. 63 
0. 16 0. 55 
0. 48 0. 79 
0.55 0. 24 
0.87 0. 24 
0. 79 0. 24 
0.63 0. 08 
0. 16 0. 08 
0. 24 0. 16 
0. 24 0. 00 
0. 55 0. 16 
0. 32 0. 24 
0. 00 0. 32 

NW 

0. 00 
0. 16 
0. 31 
0. 00 
0.23 
0. 23 
0. 31 
0. 08 
0.47 
0.47 
0.47 
0. 23 
0. 16 
0. 00 
0. 23 
0. 08 
0. 23  
0. 00 
0. 08 
0. 16 
0. 08 
0. 00 
0. 16 
0. 08 
4. 19 

NNW 

0. 31 
0. 08 
0. 08 
0. 08 
0. 16 
0. 08 
0. 08 
0. 23  
0. 31 
1. 01 
0. 23 
0. 08 
0. 16 
0. 31 
0. 39 
0. 31 
0. 23  
0. 00 
0. 08 
0. 00 
0. 00 
0. 08 
0. 00 
0. 16 
4. 4 3  

N 

0. 31 
0. 23 
0. 08 
0. 23 
0. 16 
0. 08 
0. 16 
0. 31 
0.31 
0. 31 
0.54 
1 .24  
0. 70 
1. 01 
0. 93  
0. 70 
0. 31 
0. 31 
0. 16 
0. 31 
0. 23 
0. 16 
0. 00 

NNE NE ENE 

0. 16 0. 16  0. 16 
0. 16 0. 16 0.00 
0. 16 0.23 0. 08 
0. 08 0. 0 8  0. 08 
0.00 0. 00 0. 00 
0. 00 0. 16 0. 08 
0. 00 0. 00 0. 16 
0. 23 0.08 0.23 
0.08 0. 00 0. 08 
0. 16 0. 08 0. 23 
0.47 0.31 0. 39 
0.31 0.39 0. 16 
0.47 0. 54 0. 39 
0. 70 0. 78 0.47 
0. 78 0. 54 0. 62 
0. 62 0. 78 0. 47 
0. 23 0. 70 0. 08 
0. 16 0.23 0.47 
0. 08 0. 16 0. 08 
0. 08 0. 00 0. 16 
0. 08 0. 00 0. 08 
0. 08 0.08 0. 16 
0. 16 0. 08 0. 08 

SSE 

0. 00 
0. 08 
0. 00 
0. 00 
0. 00 
0. 00 

0. 16 
0.00 
0. 31 
0. 23 
0. 31 
0. 00 
0. 85 
0. 78 
0. 78 
0. 85 
1.01 
0. 78 
1.01 
0. 70 
0. 39 
0. 31 

0.00 

S 

0. 16 
0. 08 
0. 16 
0. 16 
0.00 
0. 08 

0. 00 
0.08 
0.23 
0. 08 
0.31 
0. 31 
0. 16 
0. 23 
0. 31 
0. 31 
0. 16 
0. 16 
0. 16 
0. 00 
0.47 
0.47 

0. oa 

TABLE 111.13. WINTER (1263 Observa t ions)  

3OUR 

LS T) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11  
12 
1 3  
14  
15 
16 
17 
18 
19 
20 
21 
22 
23 

Tota l  

- 

- 

- 

DIRECTION - 
YN W 

0. 32 
0. 08 
0. 40 
0. 40  
0.55 
0. 16 
0. 48  
0. 32 
0. 55 
0.55 
0. 55 
0.95 
1.35 
0. 87 
0. 40 
0. 40 
0. 32 
0. 24 
0. 16 
0. 24 
0. 08 
0. 16 
0. 16 
0. 00 

- 

?K?z 

- 
N - 

0. 32 
0. 63  
0. 63  
0. 63 
0. 32 
0. 40 
0. 32 
0. 32 
0. 16 
0. 32 
1. 19 
1. 58 
1. 03 
1 .43  
1 . 4 3  
1. 27 
0. 95 
0. 63  
0. 08 
0. 16 
0. 08 
0. 24 
0. 24 
0. 16 

.4 .49  
- 

- 
E 

0. 32 
0. 24 
0. 16 
0. 08 
0. 08 
0. 00 
0. 08 
0. 08 
0. 08 
0. 32 
0. 24 
0. 32 
0. 55 
0. 40 
0. 71 
0.40 
0. 32 
0. 24 
0. 24 
0. 16 
0. 08 
0. 24 
0.40 
0. 24 
5.94 

- 

- 

- 
ESE 

0. 24 
0. 16 
0. 08 
0. 08 
0. 00 
0. 08 
0. 08 
0. 16 
0. 16 
0. 16 
0.48 
0. 32 
0. 24 
0.63 
0. 32 
0. 24 
0. 24 
0. 08 
0. 08 
0. 08 
0.16 
0.00 
0.40 
0.00 
4.43 

- 

- 

- 
ssw 
0. 08 
0.00 
0. 00 
0. 16 
0.00 
0. 00 
0. 00 
0.00 
0.00 
0. 16 
0. 40 
0. 32 
0 .48  
0.95 
0. 16 
0. 16 
0. 08 
0.00 
0.00 
0. 08 
0. 00 
0.16 
0. 24 
0. 24 
3. 64 

- 

- 

- 
sw 

0. 24 
0.00 
0. 24 
0 .00  
0. 08 
0. 00 
0. 16 
0.00 
0. 00 
0. 08 
0. 71 
0. 71 
0.79 
0.40 
0. 63  
0. 32 
0. 08 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.55 
4. 99 

- 

- 

- 

NSW 

0. 16 
0. 08 
0. 24 
0. 08 
0.00 
0.00 
0. 08 
0.00 
0.00 
0.24 
0. 24 
0. 40 
0.40 
0.55 
0. 32 
0. 63  
0.00 
0.00 
0.00 
0.08 
0. 08 
0.00 
0. 24 
0. 08 
3. 88 

- 

- 

- 
W 

0. 24 
0. 00 
0. 32 
0. 08 
0. 16 
0. 00 
0. 16 
0. 08 
0. 16 
0. 16 
0. 32 
0. 63  
0. 16 
0. 08 
0. 24 
0. 40 
0. 32 
0. 00 
0. 08 
0. 08 
0. 16 
0. 16 
0, 24 
0.40 

- 

4.59 

- 
NNW 

0. 40 
0. 32 
0. 48 
0. 16 
0. 32 
0. 16 
0. 08 
0. 08 
0. 16 
0.48 
0. 32 
0. 32 
0. 16 
0. 79 
0.32 
0. 63  
0. 24 
0.00 
0.00 
0. 08 
0. 08 
0. 32 
0 .48  
0. 24 

- 

m 

- 
NW 

0.48 
0. 63  
0. 48 
0.55 
0. 71 
0. 71 
0.63 
0.48 
0.79 
0. 71 
0. 63  
1 .11  
0.48 
0. 48 
0. 16 
0. 24 
0. 08 
0. 08 
0.08 
0. 08 
0.08 
0. 24 
0. 24 
0. 32 

- 

m 

ENE 

0. 08 
0. 16 
0.08 
0.00 
0. 00 
0. 08 
0. 00 
0. 16 
0. 08 
0. 08 
0. 32 
0. 16 
0. 24 
0. 16 
0. 24 
0. 32 
0. 08 
0.00 
0. 08 
0. 16 
0.00 
0. 16 
0. 00 
0.00 
2.61 

- 

- 

Total  

3. 88 
2.77 
3. 80  
2. 61 
2.45 
1. 90 
2.22 
2. 22 
2. 61 
3. 56 
7. 13 
8. 71 
8. 95 
8. 79 
7. 68  
8. 79 
5. 46 
2 .53  
1 .74  
1 .74  
1. 90 
2.61 
3. 17 
2.77 

00.00 

. 

. 

TABLE 111.14. SPRING (1288 Observa t ions)  

DIRECTION 
7 

HOUR 

(LST) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Tota l  

40 

- 
E - 

0. 23 
0. 23 
0. 16 
0. 08 
0. 08 
0.00 
0. 23 
0. 08 
0. 31 
0.39 
0.54 
0.47 
0. 85  
1.01 
1. 24 
1. 16 
0. 70 
0. 78 
0. 23 
0.31 
0.23 
0 .39  
0. 31 
0. 23 
0.25 
- 
- 

ssw 
0. 16 
0.23 
0. 23 
0. 08 
0.00 
0. 23 
0. 16 
0.00 
0.00 
0.39 
0. 23 
0.16 
0. 16 
0. 23 
0. 31 
0. 08 
0. 08 
0. 08 
0.08 
0.08 
0. 08 
0.00 

0. 08 
3.11 

- 

0. oa 
- - 

SW 

0. 31 
0. 08 
0. 08 
0. 00 
0. 08 
0. 08 
0. 08 
0. 16 
0. 16 
0. 16 
0. 23 
0. 08 
0. 23  
0.47 
0. 39 
0. 08 
0. 16 
0. 16 
0. 08 
0.00 
0. 16 
0.00 
0.00 
0. 16 
3.34 

- 

- 
- 

NSW 

0. 16 
0.00 
0.00 
0. 00 
0. 08 
0. 16 
0. 00 
0. 08 
0.00 
0. 00 
0. 16 
0. 16 
0.47 
0. 23 
0. 23 
0. 23 
0. 16 
0. 16 
0. 08 
0. 31 
0. 16 
0. 08 
0. 08 
0. 08 
3. 03 

- 

- 

w 
0. 31 
0. 08 
0. 31 
0. 08 
0.00 
0.00 
0.00 
0. 16 
0. 16 
0. 08 
0. 08 
0. 31 
0.47 
0.54 
0. 70 
0.54 
0. 31 
0. 31 
0. 39 
0. 08 
0. 16 
0. 16 
0. 08 
0. 23 
5. 51 

- 

I_ 

- 

WNW 

0. 08 
0. 16 
0. 08 
0. 23 
0. 08 
0.00 
0.00 
0. 08 
0. 23 
0. 08 
0.39 
0.47 
0. 23 
0. 16 
0.39 
0. 39 
0. 16 
0. 08 
0.00 
0.00 
0.00 
0. 00 
0. 23 
0.00 
3.49 

- 

- 
- 

ESE 

0. 31 
0. 16 
0. 23 
0.00 
0. 23 
0.00 
0.08 
0. 08 
0. 16 
0. 31 
0.47 
0. 54 
1. 09 
0. 70 
1. 16 
1.55 
0. 78 
0.54 
0. 70 
0. 31 
0. 08 
0.54 
0. 08 
0. 23 

LO. 33 

- 

- 
- 

SE 

0. 23 
0. 08 
0.00 
0. 16  
0. 08 
0. 08 
0. 00 
0. 16 
0. 16 
0.39 
0. 31 
0. 62 
0. 47 
1 .48  
1 .40  
2. 48 
2.02 
1. 63  
0.62 
0.93 
0. 23 
0. 23 
0.39 

- Total  

3. 03 
1.94 
2. 17 
1. 32 
1. 16 
1.24 
1.24 
2.10 
2 .48  
4.58 
5.12 
5. 82 
6. 68 
9.08 

10.33 
10.56 

7. 30 
6. 06 
3.73 
3. 88 
2. 25 
2. 80 
2. 41 
2. 72 

100.00 

a 

%tYIY 4. 75 8. 85 4. 11  



N 

0.00 
0.00 
0. 00 
0.00 
0. 00 

0.00 
0. 00 
0. 16 
0. 00 
0.23 
0. 08 
0. 23 
0.23 
0. 31 
0. 54 
0. 23 
0. 16 
0. 31 
0. 00 
0. 23 
0. 00 
0.00 
0.00 
2. 72 

0.00 

NNE NE 

0.00 0. 00 
0.00 0.00 
0. 00 0. 08 
0. 00 0. 08 
0. 23 0. 00 

0. 00 0. 00 
0. 08 0. 00 
0. 08 0. 00 
0. 00 0. 16 
0. 31 0.47 
0. 54 0. 54 
0. 39 0.62 
0.54 1. 09 
0. 16 1. 01 
0. 31 0. 70 
0. 31 0. 54 
0. 00 0. 39 
0. 00 0. 16 
0. 00 0. 16 
0. 00 0. 08 
0 .00  0.23 
0.00 0.00 
0.00  0.00 
3.03 6. 29 

0.08 0.00 

N N W  

0. 08 
0.00 
0.00 
0.00 
0. 00 
0. 00 
0. 08 
0. 08 
0. 16 
0. 08 
0. 08 
0. 00 
0. 31 
0. 31 
0.47 
0. 31 
0.54 
0. 31 
0. 00 
0. 08 
0. 08 
0. 08 
0 .00  
0. 16 
3. 18 

N W  

0. 08 
0.00 
0.00 
0.00 
0. 08 
0. 08 
0. 00 
0. 31 
0. 00 
0. 08 
0. 08 
0. 08 
0.23 
0. 00 
0.39 
0. 16 
0.39 
0. 39 
0. 08 
0. 00 
0. 00 
0.00 
0 .00  
0. 08 
2.48 

ESE 

0. 23 
0. 00 
0. 31 
0. 08 
0. 00 
0.00 
0. 08 
0;23 
0. 23 
0. 08 
0. 54 
0. 39 
0. 54 
1. 63 
2. 17 
2. 33 
2. 33 
1.55 
0. 47 
0. 23 
0.23 
0.00 
0. 16 
0. 31 

14. 13 

SE  SSE S S S W  S W  

0. 16 0. 08 0. 00 0. 16 0. 00 
0. 08 0.47 0. 00 0. 16 0. 08 
0.08 0. 00 0. 00 0.00 0. 08 
0. 08 0.08 0. 00 0.00 0. 08 
0.23 0. 00 0. 08 0. 08 0. 00 
0 .00 0.00 0.00 0. 00 0. 08 
0. 08 0. 00 0. 00 0.00 0. 00 
0 .00 0.16 0. 08 0. 08 0. 00 
0.31 0.00 0. 16 0. 16 0. 00 
0. 08 0. 16 0. 16 0. 00 0. 16 
0.47 0.54 0. 16 0.00 0. 08 
0. 2 3  0. 39 0. 39 0. 16 0.47 
1. 09 0.47 0.62 0. 08 0. 16 
1. 79 0. 62 0. 08 0. 23 0. 54 
2.56 0.54 0. 47 0. 23 0. 31 
3. 34 1.09 0.47 0. 23 0.47 
2.56 1.55 0. 54 0. 39 0, 70 
2.56 1.48 0. 78 0.23 0.47 
1. 24 0.47 0. 78 0. 00 0.47 
0. 16 0.54 0.47 0.47 0. 16 
0. 31 0.16 0.08 0. 16 0. 08 
0.39 0.23 0 .08  0.08 0.23 
0 . 2 3  0.08 0 .08  0.08 0.00 
3.  00 0.08 0. 39 0. 16 0.08 

18.01 9.16 5. 82 3.11 4.66 

TABLE 111. 15. SUMMER (1288 Observa t ions)  
- 
- 
r0ta1 - 

1. 09 
1. 32 
0. 78 
0.62 
0.93 
0. 31 
0.39 
1.09 
1.63 
1.55 
3.73 
5.12 
7. 07 
0. 87 

13. 74 
13.51 
12.73 
9.86 
4 .97  
3 .11  
1 .94  
1 .63  
0. 78 
1.24 

30.00 - 

<OUR 

LST) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Tota l  

- 
- 

- 
- 

DIRECTION 
2 - 

W 

0. 08 
0. 08 
0.00 
0.00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 16 
0. 16 
0.23 
0. 23 
0. 23 
0. 85 
0. 62 
0. 16 
0. 31 
0. 31 
0. 16 
0. 31 
0. 08 
0.00 
0.00 
0.00 
3. 96 

- 

- 
- 

- 
E 

- 
wsw E N E  i N  W 

0. 00 
0.08 
0. 08 
0.00 
0. 00 
0.00 
0.00 
0. 00 
0. 08 
0. 16 
0. 08 
0.54 
0.47 
0.93 
1. 40 
0. 31 
0. 23 
0. 16 
0. 08 
0. 23 
0. 08 
0.16 
0. 08 
0. GO 
5. 12 
- 
- 

0. 16 
0. 31 
0.00 
0. 23  
0. 08 
0.00 
0. 16 
0. 08 
0. 08 
0. 23 
0. 31 
0 .93  
1. 16 
1.63 
2. 72 
2.41 
1. 63 
0.39 
0.39 
0. 16 
0. 16 
0 .08  
0. 08 
0. 00 
3. 35 
- 
- 

0.00 
0. 08 
0. 08 
0. 00 
0. 16 
0. 08 
0. 00 
0. 00 
0. 08 
0 .00  
0. 00 
0. 16 
0. 47 
0. 16 
0. 23 
0.47 
0. 23 
0. 39 
0. 31 
0. 00 
0. 23 
0. 08 
0. 00 
0. 00 
3. 18 
- 
- 

0. 0 8  
0. 00 
0. 08 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 08 
0. 16 
0.00 
0. 00 
0. 23  
0. 16  
0. 23  
0. 23 
0. 31 
0. 08 
0. 16 
0. 00 
0. 00 
0. 00 
0, 00 
1. 79 
- 
- I 

T A B L E  111.16. F A L L  (1274 Observa t ions)  

ECTION 
I 

DI - - 
N - 

0. 24 
0. 00 
0. 08 
0 .47  
0. 24 
0. 00 
0. 08 
0. 24 
0. 24 
0. 24 
0. 24 
0. 55 
1. 26 
1. 96 
1. 33 
1. 26 
1. 02 
0. 47 
0 .47  
0. 16 
0. 24 
0. 08 
0. 00 
0. 31 
1. 15 
- 
- 

- 

NNE 

- 
NE 

- 
ENE 

- 
ssw 
- 
s w  
- 

NSW S E  1:; 0.08 0. 00 

0.08 0. 00 
0.08 0. 00 
0.08 0. 08 
0. 16 0.08 
0.08 0. 00 
0. 16 0. 00 

0. 31 
0. 16 
0. 08 
0. 08 
0. 16 
0. 24 
0. 00 
0. 16 
0. 16 
0. 31 
0. 55 
0.47 
0. 78 
0. 55 
0.55 
0. 86 
0. 31 
0. 24 
0. 08 
0.39 
0. 16 
0. 16 
0. 08 
0.00 
6.83 

0. 31 
0. 16 
0. 16 
0. 24 
0. 16 
0. 31 
0.47 
0. 08 
0.39 
0.47 
0. 31 
1.10 
1. 10 
1 .02  
0. 78 
0. 71 
0. 78 
0. 24 
0. 31 
0. 24 
0. 16 
0.47 
0.39 
0. 39 

!O. 75 
- 
- 

0. 71 
0. 63  
0. 16 
0. 08 
0. 24 
0. 31 
0. 16 
0. 00 
0. 39 
0. 24 
0. 31 
0.47 
0. 71 
0. 71 
0. 16 
0. 71 
0. 47 
0. 24 
0. 24 
0. 24 
0. 16 
0. 39 
0. 24 
0. 31 
8. 24 
- 
__. 

0. 4 7  
0. 24 
0. 08 
0. 16 
0. 00 
0. 16 
0. 16 
0. 08 
0. 0 8  
0. 24 
0. 31 
0. 24 
0. 47 
0. 71 
0. 86 
0. 08 
0. 71 
0. 31 
0. 47 
0. 31 
0. 08 
0. 47 
0. 31 
0. 24 
7. 22 
- 
- 

0.00 
0.00 
0.00 
0. 08 
0. 16 
0.00 
0.00 
0.00 
0.00 
0.00 
0. 24 
0. 31 
0. 16 
0. 24 
0.00 
0. 16 
0.00 
0.00 
0. 16 
0. 08 
0. 16 
0.00 
0. 08 
0. 24 
2.04 
- 
- 

0.00 
0. 08 
0. 24 
0. 16 
0.00 
0.00 
0.00 
0.00 
0. 24 
0. 16 
0. 00 
0. 16 
0. 31 
0. 24 
0. 08 
0. 31 
0. 16 
0. 16 
0. 08 
0. 00 
0. 08 
0. 16 
0. 08 
0.00 
2.67 
- 
- 

0. 08 
0. 08 
0. 16 
0. 00 
0.00 
0. 08 
0. 08 
0. 08 
0.00 
0.00 
0.00 
0. 08 
0.55 
0. 16 
0. 16 
0. 16 
0.00 
0. 08 
0. 16 
0.00 
0.00 
0. 08 
0.00 
0. 08 
2.04 
~ 

- 

0. 08 0. 08 0. 39 
0. 08 0. 08 0. 31 
0. 16 0. 00 0. 16 
0. 08 0. 08 0. 00 
0. 16 0. 16 0. 24 
0. 08 0. 00 0. 08 
0:16 0. 00 0. 16 
0. 08 0. 08 0. 31 
0. 08 0. 00 0. 00 
0. 00 0. 08 0. 55 
0.31 0. 16 0. 31 
0.47 0. 31 0. 71 
0. 31 0. 31 0. 24 
0. 39 0. 24 0. 47 
0.47 0.24 0. 16 
0. 31 0. 31 0. 24 
0. 31 0. 00 0. 24 
0. 16 0. 08 0. 08 
0. 00 0. 08 0. 08 
0. 08 0.08 0. 16 
0. 16 0. 08 0. 08 
0. 08 0. 00 0. 08 
0. 16 0. 00 0. 16 
0. 00 0. 16 0. 16 
4. 16 2. 59 5. 34 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

' 23 
Tota l  
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TABLE 111.17. ANNUAL (5113 Observa t ions)  

S E  

0. 27 
0. 14 
0. 06 
0. 12 
0. 08 
0. 08 
0. 06 
0. 10  
0. 18 
0. 18 
0. 37 
0. 37 
0. 61 
1. 15  
1 .41  
1. 86 
1. 51 
1. 25 
0. 65 
0.43 
0. 20 
0. 35 
0. 29 
0, 25 

11.95 

IOUR 

SSE 

0. 10 
0. 16 
0. 06 
0. 06 
0. 02 
0. 02 
0. 02 
0. 14 
0. 04 
0. 18 
0. 31 
0. 25 
0. 25 
0. 59 
0.65 
0. 74 
0.88 
0. 80 
0. 45 
0. 51 
0.43 
0. 25 
0. 22 
0. 14 
7.26 

LST) ssw 
0. 10  
0. 10 
0.06 
0. 08 
0. 06 
Oi 06 
0.04 
0.02 
0.04 
0. 14 
0. 22 
0. 23 
0.22 
0.41 
0. 18 
0. 16 
0. 14 
0. 08 
0.06 
0. 18 
0. 10  
0.06 
0. 10  
0. 18 
2.97 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15 
16 
17 
18 
19 
20 
21 
22 
23 

Total  
- 
- 

sw 
0. 14 
0. 06 
0. 16 
0. 06 
0. 04 
0. 04 
0. 06 
0. 04 
0. 10  
0. 14 
0. 25 
0. 35 
0.37 
0.41 
0. 35 
0. 29 
0. 27 
0. 20 
0. 16 
0. 04 
0. 08 
0. 10 
0. 02 
0. 20 
3. 91 

N 

3. 22 
3. 22 
3. 20 
3. 33 
3. 18 
3. 12 
0. 14 
0. 22 
0.22 
0. 22 
0. 55 
0. 86 
0. 80 
1. 15 
1. 00 
0. 94 
0. 63  
0. 39 
0. 25 
0. 16 
0. 20 
0. 12 
0. 06 

ENE 

3. 23 
3. 22 
0. 10  
0. 04 
0. 06 
0. 12 
0. 08 
0.10 
0. 16 
0. 18 
0. 27 
0. 33  
0.45 
0.57 
0.61 
0.45 
0.22 
0.22 
0. 12 
0.20 
0. 08 
0.22 
0.10 
0. 14 
5.22 

- 

- 
- 

NNE N E  

0.12 0.22 
0. 10 0.08 
0. 10 0. 16  
0.04 0. 16  
0. 1 2  0 .06 
0. 08 0. 16  
0. 00 0. 1 4  
0. 14 0. 1 0  
0.10 0.12 
0.12 0.22 
0.41 0. 29 
0.45 0. 5 9  
0.57 0. 76 
0.57 0. 76 
0.53 0.65 
0. 55 0.76 
0. 41 0.65 
0. 16 0.29 
0. 08 0. 20 
0. 12 0. 1 0  
0. 10 0. 0 8  
0. 08 0.20 
0. 06 0. 12  

E - 
0. 31 
0. 41 
0. 14 
0. 14 
0. 08 
0. 06 
0. 14 
0. 18 
0.22 
0. 35 
0.53 
0.57 
0. 78 
1. 08 
1.45 
1. 27 
0. 92 
0. 51 
0. 29 
0. 29 
0. 25 
0. 33 
0.37 
0. 25 
0. 91 
- 
- 

W 

3. 18 
3.06 
3. 20 
0. 06 
0. 08 
0. 02 
0. 08 
0. 08 
0. 14 
0. 10 
0. 23 
0.41 
0. 29 
0.47 
0. 51 
0. 35 
0. 31 
0. 20 
0. 16 
0. 14 
0. 14 
0.10 
0. 12 
0. 16 
4.56 

ESE 

0. 37 
0.22 
0. 18 
0. 08 
0.12 
0. 04 
0. 12 
0. 22 
0. 16 
0. 27 
0 .43  
0. 37 
0. 59 
0.94 
1. 06 
1. 23 
1.00 
0.65 
0.37 
0.22 
0. 14 
0. 25 
0. 23 
0. 23 
9.47 

-- 

- 
- 

WNW NW 

0. 16 0. 23 
0. 14 0.27 
0. 14  0. 23 
0. 12 0. 14 
0. 14 0. 31 
0. 04 0. 27 
0. 04 0. 27 
0. 08 0. 29 
0. 14  0. 31 
0. 18 0.45 
0. 23 0. 37 
0. 27 0. 53 
0. 25 0. 27 
0. 37 0.23 
0. 35 0. 23 
0.41 0. 18 
0.23 0.23 
0. 12 0. 14 
0. 02 0. OE 
0. 06 0. 1C 
0. 06 0. 06 
0.10 0. OE 
0. 18 0. 14 
0. 14 0. 1 6  
3 .95 5.55 

DIRECTION 

S 

0. 14 
0 .10  
0. 08 
0.10 
0. 04 
0- 04 
0. 04 
0. 04 
0. 08 
0.12 
0. 29 
0. 33 
0.49 
0. 20 
0.33 
0. 31 
0. 29 
0. 29 
0. 27 
0. 18 
0.10 
0.22 
0. 25 
0. 27 
4.60 

- 

- 
- 

YSW 

3. 10 
0. 06 
0. 12 
0. 02 
0. 06 
0. 08 
0. 04 
0. 04 
0. 02 
0. 06 
0. 10 
0. 20 
0.47 
0. 27 
0. 23 
0.37 
0.10 
0. 16 
0. 14 
0.10 
0.12 
0. 06 
0. 08 
0. 08 
3. 03 
- 
- 

- 
VNW 

0. 23 
0. 06 
0.20 
0. 18 
0. 31 
0. 08 
0. 16 
0. 20 
0. 23 
0 .47  
0.29 
0. 41 
0 .47  
0 .49  
0.37 
0. 35 
0 .22  
0.22 
0. 10  
0. 14 
0.02 
0.10 
0.04 
0. 06 
5. 38  
- 

Total  

3.11 
2 .37  
2. 15 
1. 70 
1 .74  
1. 29 
1 .41  
1. 96 
2. 23 
3.34 
5. 16 
6. 53 
7.65 
9.66 
9.90 

10 .23  
8. 00 
5. 65 
3. 38 
2 .93  
2. 13 
2.60 
2.37 
2. 50 

00.00 



DAILY PEAK SURFACE WIND 
CAPE KENNEDY, FLORIDA 

FEBRUARY 1950 - JANUARY 1964 

FIGURE I: EXPOSURE PERIOD PROBABILITIES 

I. 1 
I. 2 
I. 3 
I. 4 
I. 5 
I. 6 
I. 7 
I. 8 
I. 9 
I. 10 
I. 11 
I. 12 
I. 13 
I. 14 
I. 15 
I. 16 
I. 17 

January 
F ebrua r y 
March 
April 

June 
July 
August 
September 
October 
November 
December 
Winter 
Spring 
Summer 
Fall  
Annual 

May 

DESCRIPTION: Figure I presents probabilities, expressed in percent, that a daily 
peak surface wind speed wi l l  equal or  exceed selected values during exposure periods 
of one day through thirty consecutive days. 

Abscissa values a r e  consecutive days of exposure and refer to exposure 
periods beginning on any day of the indicated calendar period. -- 

Ordinate values P ( W  2 W*) give the percentage probability (percentage relative 
' 

frequency) that during a n  exposure period a daily peak wind speed (W) w i l l  equal o r  
exceed the value (W*) specified by one of the curves. 
day, the probability 100 - P ( W  ;r W*) corresponds to that given in the Cumulative 
Total column of Tables I and 11. 

For  an  exposure period of one 

Probabilities were computed for the speed vahes (IS*) 2. 6, 5. 1, 7. 7, 10; 3: 
12. 9, 15.4, 18.0, 20.6, 23.2, 25. 7, 28.3, 30. 9, and 36. 0 m/sec (5 ,  10, 15,..20, 25, 
30, 35, 40, 45, 50, 55, 60, 65, and 70 knots) and for  1, 2, 3, 4, 5, 10, 15, 20, 25, 
and 30 days of exposure. 
through points of equal W*. 

These values were plotted and a free-hand curve drawn 4 

To allow exposure periods of 30 days to begin on the las t  day of January, 
daily peak wind speeds for February 1, 1964 through March 1, 1964 were added to 
the data sample. The observation f o r  February 29 was deleted for each of the years  
1952, 1956, 1960 and 1964. 
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4 

5 io 15 20 25 30 
Eaposurr Period (days) 

Fig. 1.1. January ( 4 3 4  Observations) 

5 IO 15 20 25 30 
Exposure Pniod (days) 

Fig. 1.2. February ( 3 9 2  Observations) 

" I  5 io I5 20 25 30 
Exposure Period (days) 

Fig. 1.3. March (434 Observations) 
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(XI P(W>W*) 7 7 m ,... 

- 1  5 io I5 2 0  25 30 
Exposure Period (days) Exposure Period (days) 

Fig.  1.5. May (434 Observations) Fig. 1.6. June (420 Observations) 

Eaposure Period (day81 Exposure Period (doys) 

Fig. 1.7. July ( 4 3 4  Observations) Fig. 1.8. August ( 434 Observations) 
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Exposurr Poriod (days) 

Fig. I. 9. September ( 4 2 0  Observations) 

Exposure Perlod (days) 

Fig. I. IO. October ( 4 3 4  Observations) 

K )  PfWLW'I 7 7 In/..#. '10.3 m m c  

Exposurr Prriod (days) 

Fig. I. I I November (420 Observations) 

Exposurr Perlod (days) 

Fig. I. 12. December (434 Observations) 
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5 IO 15 20 25 30 
Expoaurr Period (doyr) 

Fig. 1.13. Winter ( 1260 Observations 1 

Exposure Period (doys) 

Fig. I. 15. Summer (1288 Observations) 

Exposure Period (doyr) 

Fig. 1.14. Spring ( 1288 Observations) 

Exporurr Prriod (doyr) 

Fig. I. 16. Fal l  (1274 Observations) 
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"I 5 IO 15 20 25 30 
Exposure Period (days) 

Fig. I. 17. Annual (5110 Observations) 
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